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xj . 4J*I ji cik>Lvj J^;j tj-* <u^-l*ajj « >Lx5\JL i_i>jj<J Avail 

«.<Lw»iJ (T. Kuhn) j^Sf .o «_u^pl <_£JJl ^^jJj^j^JI rc^Jl (_yU 
i_oxj Lo /*>- ^-<JI Jj>ti« jl cf-LJLfOl Jj-lu 1 1 Jjj^>dj 4 <*j ^ic- (_^JJI 

^Ailjj Lj jj>- ^v^l^il *a -l>r^» frLUlj *jJL** tolta ( J t! A>ti]j 
<U^r>- L>5 <b ^_f*-»J>-j ^ubS ^ p-*^j "j^j 4 (*-fr*j*J °J*j*J 



Louis Althusser and Etienne Balibar, Reading Capital, Translated by (1) 
Ben Brewster (London: NLB, 1975), p. 14. 



(K. Popper) jjjj Jjl5j t(B. Russell) JJ-j Jul^jj *-* *^3-aj 

jMl j»^J| *-«r^J t < jbSGl ^JlI* ^ <b t^i ^iJI (P. Feyerabend) 

/buJl J\£->>\J\ ^Iji-Nt (A. F. Chalmers) j^JLU ^r^Jly 

aJUIjuIj jJUJ! ^1 jiiJl (j^sij jj5 jN tdDS JjtiJ jjj^j 

^LkjjJl i_Jj^^LaJI *_« c.L,tf>- j-aJuJl JljJjJl i)UU_< oJl£ ^jiJl 
oJju ^^^5- i^Jil_^Jl tioyU: IaJL«_.j t (David Hume) a^j* JujLo 



LI** ^ LSj t*J 4-jjaJI ol>_yJI c-LiJ i£L)i_j y>. US' 4iJ_i_. «^Jujl^j» j Paradigm 

Jj«.» : il)!_jj-t J-?- (_JJl1I 4JL>iJ <_ -~J jJ^LkJl jjJLSjJl -Lx^ij (_r-*L* j-* (jJ-* :»"■»-'' IJLft 
:_ r lUI .J15j>j tr-ij^J t iSjJ -W tJlJtji-»l '»-^_r?- • ^Hawaii •iHJL) iJLJl CjU^jJI a^^j- 

: IJ>\j2^jJ\ j-irf ,y ojjij i^jjJI ^^1 ^» (JJJ-1 ><^?ll : Jl c~«ai ii j j « t ^j^Jl 
t jSjll : ^jjjS) *2>j*l\ »Jt^-jH oL»)ji j^j^ IfraJai jjl <L^i31 SjjuJI oUiSliUj ^_j?m 

.339^ 4 (1992 
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Jl>*_a ^ L«j_4j jj-£J tbjk i J^jj •^■ 3 j^ c^~J ^y* _ 1 
i>Jl ^u, Jlji Nj ^x*l ^JJI (J±s% tjijjjSfl) ^.>il j-^JI 

.^- oLl^T ( _ ? lc- C*-~wl> Ji AjjijiJl oli&Jl OolSj .J^jJlj ^JJ'Jl Iju^o 

^Lj^-NI JijJl ^ ((T. Hobbes)^>j-* .o <l*-«j) (J. Locke) iijJ 

( j^£3l jl) 4j(_wJaJli .jlia^> jj>J J-P iL*ilj Q,.,..,l ^jkj _ 2 
^»12j iLaJl^-j cLg_Jl i^^jJL (_^JL]| (jila.otij _^~^l «j>-j^JI <»1~~J 

: Jj U £x> jl jj^^i tolL-j^l _Lw«-^ le- La! 

^Jt«JL)J t l> -S^i jl (3~" La»J t <Lw>- jJj~^ t*« (Jj J I 4-~-J J I - 1 
*UJl_*Jl "j-a 4_Pj_«_>^o (_£| l*L«JL*Jl £^a Aj>tl» 4 W .ul_a.j JlJ I. «u|j> 

. /»JL>*JI (Jl oJL>-lj t .Hi /y oJ-*I^ca HJjHj Xf-\jij JlJuJXj "j£ zJLa 

. JL*J! Jl «UjJl>- a Jaj /J j. /»-».. 

<_£jj LgJI (_$l X>_jy LgJI j_aiT ^Jaj «-£>-jJ iilLtil Zy^yij _ 3 

L^J ijjj A^J <■ 4-&£-*Ax* 'Sr^,?-' k -- , ^Jj-^ °jj-^» (e-*^ ^Jj-^J (*-Lj<-jI 

./— jl^-oJI jl *U_L*JI Jj>ti»J ^s jt^JI AibJI ^s -U>j>i1«jIj 
iiUsNLj cJLjJI jjW:I i-jL^jJI IJla jl JJ ila^*>Ljl jJl?oj 



jj 015" (_$JL1! (Darwin) ^jjljJl iw-fcJuJJ <.jI_)lL*jj i<U£jIws ^1 

a , re ". ) _p I <L>-jJuj i 4_iLjL<j jJis t ( jLSoI 4_iL>- ^i Oj^ <JI jLil 

j^ ojL-£> <1S" rujUl Ig-J jJLj <^-~>- t4_J^jjbJl i_oLJl ^j^Sjl* 

.(JlJLgjLiXoJlj 

^1 Jl>JuJI <»L- ill (Las^j i La .Lp-j-ij <jl t£iUJl J"*"*"" jJt ^ ^ 

.<Uo_Lf- 6JJJ ,LsL>iJI 

jJUj ojLs L^5o c*>L^»I t-^jco! .Jl tgj f-U- oljilj /t-^j (Vh'j^j 

(1776 _ 1711) j>_^ Jui^ ^^ <gWcS J$ £-J>j-> ,y> js\ <_y 

JixJlj ^jPj^j^J! _ rr S^JL ^y^-^ b> ( _ 5 Jlp ^LILj i. ((Induction) 
^JJl (Empiricism) L$ ~+^\ - ^jj^Jl v*^- tP^" j-*-* .,_y«-UJl 

yr ^X» (4-L^ f*J-"-A (J^ a '■ J[ C *ijj(^)j| J-^—x C LaJL?-J 4^>>Ijj>J' OjJ—s 
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^/,-p Jl«j \J>\ i JjiJ jl tU\S"j jL/j (_$JL]| 
j! i_ ->*j JU«j Ia_ x ^>J J ^1 ytl^JaJl (1)1 » jljL s-lji^x^yi Tt^i 

j-ft 1*5 j^L^-w- ijt^JaJI <JJj-?^ jlj <■ LaUj^-I ^jJl ybljiaJl <bLiJ 

jf j iJjl^j M ULkJ O...W11 ^i j! ciUi L _ ? ^* . (3) «*J;b fLkLiL 

LJlJ jdl X- 4J <U~— «JI AJiLj .^viLJt? t LaJbj LoLoJ I j-& Li^udl 

j} cl$jli ^jbJl «£j l$Jb ^jLo-VI of JLiJ ^1 SJlJjJ! jl ,_^_^-!i 

4jLoJlL> (_£J-=-} jjSi jl ^j^h i*;JaJl <_£* fUaJ -ij^rj ( _ ? 1^- jl*^Jl 
4_>^v? /f-*^ (Jl Lbjl lil tJULoJl Aj^—x (J-^ - !/»! lajJl ^j^-J SJL-jLs 
(jl LJlp (Lib) SjIjJ>JLj iJujJj jiU^Jl J5 :iJL!l 4jwJl*Jl ^a-ill 

ojlj^Jb OiJuJ LaLj^^^I ^Jl jibcoJl jl Lj 
(jjtf N **JaJl) ^LJI Jl* J,Jh,.Jl jl U»j 

!Lsb ojlj^Jl; .JJU3 i_ij~» jiUtJl bl 
4_ii^- jl) t j_^.U (Circular) i^jJb ^ik^ JNju_^I Ulaj 

«-Ljj_|^UI jjJli ij^ ^w«JjJl ^JljJLlI jl ^» Lw«*>lS' L/s'Ai- 

A ^>H\ ±>j-a - jj-JLij V(Volts) = R(Ohms) x I (Amperes) 

t y?j\jj ^ L>wA_^-pj (d(meters)= Y2g(9.8)(meters) x t 2 (seconds) 

,\>x« ^uLa'I oUj c^-»*vJ 



David Hume, An Enquiry Concerning Human Understanding, Bk. ], Pt. (3) 
iii, Sec. iv. 
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< u ..->.>Jl lJ-_a iULJM ioNjLsx-* ^syr fj-*-*-!! <ul~Jj /^j^ Jj 

lf-»-*l (j-« ji'Jb tOlJJL jJbJl j-^u JULj t^^J-iJl £_gJw<Jlj 

JajLS" JujJL*j| ^LJVl ^Jj-mJLaII iijL>w» : ^^jlJlJI • nr i!jL>t^Jl 
t«j_w4_*Jl 4JL_^.» ^ 4jJa_L;l ol -*-*_. t^JUl (Emmanuel Kant) 

L*w>- Ja-*-* ,_r>J iJaJl£J U*j t ^^Jl lJu-» c ii! ((Pure Reason) 
L^iiJsj ic-jli aJlxp 4J_^i« a^SsJ (U>fc« (»j-^*> OlS" {Jj&j3\ oX& (Jj) 

aJLJLfr /j_4 JU-*Jl Ml ^jJ* jl tLfc^j^- j-i t Ja-iLS" 4-JjL>i_a 
Jl (JjtJaJl J oU^jU- *UaJ syrj o^ t^ < ^r") <L~>Jl _ <L*S!jJl 
(Transcendental >tiljJLI ajjU^uJl LJLlJI oJLap ^ oJl>Jl>- SJlJLp 
otaljl j-* ljj-5-o LjjULp j»_L«JI ^L- <l JJi IJuSL&j ! Idealism) 

s* f. . ft 

Ijlji LfJji" Jj> j£& Ja}>-\ ^JaJlSlll aJui*Jl <jl iLisJlj .4jL*.*>liJl 

s* ft s 1 

(JUJI £JU* (^1 _ r -^) jjUJU .^Ljyi ^ Uy jJbJl oJb^ 
jU? Jj (Urli J *L*iS!l) *iU!l iijjw jl*j J JuJl .((OAJI ~i«L,) 

L^_«J!sIj ^gj.lg.'Jl (U*Jl oNjJUj L^^Ja/J J-*j fL*iMl j-fclji) ijjjt^ 

Jj tJ jb US' jjUl! cJ^i V ^ 4dJUi Jl bLu-l .^>JI J^JI 
!L*JLp <_j_»«j Jj <Jli J (JUJl i-iyij V ^j 5 *" 4 /k"' •"^ ^ 

(F. L. Jj ,J .o i, ^ o-*J JuJl iUJ^ v 1 ^ 1 <JjU-JI 
^j^J J^iL^oJlj -^LJl /^o Jj>Jl oj. • Jj^j ' ^^r*^^ ^^-*J ■ Will) 
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JJL l j^i t(Past Future) ( _ r ^LJl J ~ai~J Ij c*J <>£-*j <^«*a!1 
! JL>u «^><J (J (JJJI (Future Future) J-iu^Jl Juli~*dl i]L* 

^jC^J>^a IxJlS" jJUJl iLSJl ( v rr xa^LgJl ^^JjUwJl jj-JL* 01 ?w>lj 
jj-S'U *. L-» fjkJl ii^^Ai ^ jl^l *Jl>Jl dlLi ^ jIp Jlsj •J* 4 ^ 
Juo tJjVl .(H. Reichenbach) ^Lj^jIj ._aj (Max Black) ii"5L 
,*JjJl (j-'L-l i>wJ ( _ 5 ic- OjUJI «-^>IjJI jUjJl v^*l dr* <_r~i <-*' 

(UI^JLl-NI iJXjL*)! c-i^aJ jl ,jlj t(4jCwJaJl aIIaJ j! i-^-Jl IjL^) 

^JUl c^L^Jj ^UJI oj^UJ! Ul ! <5> 4S>JI Usli o^T ^i^lj 
jl <^!j ~L«i t (Operationism) 4_Jt>L*jJL i^j^JljJi ^uljLJU <^L/>jj 
(true) iS^L^ LgJL> 4ijL>tx> i_ jL^j Jj->*j ^ if -^^ j ^' ^'^-j t ^^JL^-Il 
iJLt* ole-LUlj tpLr 4 ^.U- Aji jJuJl jV viJUi 4 (false) iolS" j! 

fr-^j L<»JLLo LjL»J t tg-lp- 6jla....^l k_ sJl^j <■«... all ^JlP ( >^> -it (^j^^^i) 

o^53l ^yU- (L^iU j\) \^i>jA>j (Coordinates) L^LJIa^-^l j^ &LJ> 
aJUI aJjL-oJI ?-Li>tj|j fJiiij . LfJ^ L^Jjl a^jJ t-iJLjj iwijNl 
<JLp ^ JU>J| ^ Jj^kll J-^> ^JJI ^^Vlf) :SV5lS njj ^L) 

<U (JiJ^^x ^j| ^\ <_ijJ«J M j-fi .oUsju 4-AJj-k jJ<-^JL^j jl Nj 

cr^ j- 4 t5o^' ^ i£j'<:"' jlS' lil U_i <-ijju N AJI L*5" tjL-^Jl 
jl ^M «uJLp (j-vJ tdJLli 15 jj «_p^JUj -Jr* 5 -* 1 j jL> «^ <^>li oyiw 



Paul Edwards and Arthur Pap, eds., A Modern Introduction to (4) 
Philosophy; Readings from Classical and Contemporary Sources, Free Press 
Textbooks in Philosophy, 3 rd ed. (New York: Free Press, [1972]), pp. 151-152. 

.141 ^y) t<Lwii jJU<ail (5) 

Kurt Hiibner, Critique of Scientific Reason, Translated by Paul R. (6) 
Dixon and Hollis M. Dixon (Chicago: University of Chicago Press, 1983), 
p. 13. 
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l _^^l <±Uj Jla IoLJ» I Jji-i l,?-Lj^x->lj *jLj Ji . « < J^ r «Ji idUi 

/j-o *.'.. ,^a.i L« i£y~" C ~ Ls V_ i V ,,r? fr L«l . « A._a.'L. ,.-->JI aLj| /y>J i^JsJ 

( 7 s ) * 

LJ i 4^Jt-Ja ^-jlji -ij^-J lT^j^ ^ iA ^-L^j>olj j»*!A5 r*J>" 

^<JlSL .aL_*Jl>JI LuLi^iaJij ££.iLwoJ! L^ jLSLsl *LUjj ^(^jljI Lw* 

tUjjJ-l iiL-Aj) c(Max Weber) j—J ^^Uj y_y_ Jjl5 ^j.^! 
/)-« JLcjMI <u«_^J ^J^ <oLJt o_^>- aJ| <■ jiji <J>*i •(/j*-°lj4Jl j-^J^ 
oUap-MJ! «lbj i_iv2J ^1) (Singular Statements) iJj^Jt LLiwJl 
(Universal i-JjT LI „/? a ^1 (f-LJLJl Lg-j f j-Sj ^^Jl ^>jL>^Jlj 
dJJi jji^J" :%'L5 Ijji <— . a*jj .^Ijii-.! JVjcuoI <uL Statements) 

(_$! j^/ .L»i*xp oLJ U-p ^3^- LUai ^0 iJL? LLaS JNjl^kI fj*~j 

^ykJ Ijjl Lg-i Ja^-'^J ^1 cj^UJI jJlp jlS" U^-»j .id>U- jjiui 



.8-7 ^ 44 — H, jA_ai! (7) 

Karl R. Popper, The Logic of Scientific Discovery (London; New York: (8) 
Routledge, 1992), p. 27. 
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\-fr>l ;<JjJjJL LJlSLi^l aJLa 4-pL-vs ( ^5Lojj .s-ljJL^Nl 4_JL£Lib 
^Jlp V^ 1 iJ^Jl LLaaJI (Validity) ^'j-^-l ^^L '^=cJ>^ 
(Empirical Sciences) ^L-^y^jJl /»j_L*J! oL^y J-L* tijj-^Jl 

jjjj » .,<?; t «•! JLX^/JII ?r g « < 4..,rg 'i jj oJJLJ -L*_>j .4_> .la'. M 1 g 7 ^> 1?'i|j 

(The Deductive ^J^-Ul^NI ^ya^iJl r=-f^> : <l^>_-» j \s^x>- L^_^> 
<j-Ss-«-j L-s^jJJl j! j_a tj-^iiji^Jl o^LLoj .Method of Testing) 

4ivo-^J />S^»j 7t^-«J1 IjAj .L^a^>j Jj«j ha*j t Jais L-j ,>ej I g .^>^-» 

^Ul _y-VI t_-*JuJl JjLio ^ (Deductivism) ^J^-U^Nl *_^JuJl 

. (Inductivism) ^\yc^^\ i_~*JlJl y*. 

! <L*Js>li oj j ,./? t j t tAjLi j-J-jM <»_^AJ_»JI /j-J 4-43 j_« »^J>iJ ij-x-i 
tU-Ja cLJlp «! t\y£~»\ <Uwl p-^jJp Ju>-_jj *y 'eS^kJ (_j» t jNlj» 

.4-A^JaJl fjLdl ^ f-l^ilw-Nl 

(A Statement) «LwaJUI <_y-*-° <-s^v. iS-^ 1 j : -JiV-.'Jl ^y^-w^l 
: jt-v-l j-ftj tL-jjjfmJ !_£iJu/> <j-» (Verifiability) JJL^jJI LjLS^L 
(Falsifiability) lgiJu*» aJlp jy> J-i^Jl jl iwsAiJl i^JL^J i-JLCo] 

(F. 4_JLi-J ^jjJujjJj U g ,1 : ,., a (.(Science as Vocation) «4j^g_« 

-■ c. *• i" 

J>-\ JU-j» -_»Lwl ^yj LioLa \jJl, <*_p-j jl5 jl5 (_$JJl Nietzsche) 



.28 ^j? t4__ij jjuall (9) 
.30 ^y> KU-ii jJUall (10) 

.40 ^yj ft_~i jA^all (11) 
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: JjiJL. i«S.aU-Jl»» ^^w L. «ly>^1» ^jJJI (Last Men) «jLjJi 
JUSl <b ^yi^-l ^JlS! r-SLJl JjUxJl 4-KiL UU- *^I jl ,>^Uj» 
^j^e- a J W..,.ll (Technique) iJl c ^i*-«-; *_UJI - SiL«— Jl ^Ji Jj^iai" 

i>_is^vaJl cSj^r" 5 -*-? oU^L^Jl SJJLJ LjIp tK^^-sJl k_jl$Ca ^ jl 

^* U : Jlj !i ^Jl oU>NL ?jJLJI ^^ L. : JI>JU .pJUJ 

j»j_L«Jl 4_v?L?*_» cajJLJI ^ I o g ; Lp i_>l_^>- *y ?aJl)I ^1 <Jj^JaJl 
jLAj-Jl «_SsJ *Jil IJuI La» : (Swammerdam) Ja^lj.*- Jji liiJi 

" . a " 4) iuJb 



4i 



«^Jw*Jtj ,jJaX<Ji Jl^lji ji ^j^gj ^^-LaJl J-wJl J5 



Max Weber, From Max Weber: Essays in Sociology, Translated and (12) 
Edited by H. H. Gerth and C. Wright Mills (London: Routledge; Kegan Paul, 
1947), p. 143. 

.142 ^a i-uJj jJUall (13) 
.142 ^y> <.t_~A; jJUail (14) 
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N ^j y^i-AJl J>^J *L>J! J* :ll^ Vl>- 01 tJliJl J^ 

IjLs-lj Uj^>- U fJuJj ^ytJaJl jJbJlj .LjtjJaJl fjl*-!l Sjjta ^ r_,L 

5L>Jl i _^s- lJh^Ji\ ^j> L^j lij AaJu jl UJLp ^->*j liU '■ y*j Mi 
i-J^pI M Ll» : *Jji fj-UJI >?**• (.r^ 4-L^Ml (j^ ctt, ; .stf,:j . LiSJ 
iiUill i*J ^i <( ( _^1p» jly SUo! ^ v^ ^' IS y^ dr^-d l ~-*^' 
4 jMl tf-jU^j <L>Lxa ijJl a?-jj ^j^Uiil ^jij tiJLJMlj i-^J^iJI 

rtJju jlj-y> (3 jl *S-3l -b>-l i> JJol -jli .OjS ^iLajj 4_L^ajj 4jLJ_v5 
jLS\_o| ^J_p') /*-~jL; O-Sj-C- 'L^-j^Jal (J-C- A^^jj^o Ojjjjj .Aj_L*JI 

j^^JaJ jl Ljj ^j^p ^Jl (Thesis of Incommensurability) ((iljLUl 

oJLA ,_>""'■ i '' - ' ■/»"'■ * I ' jus-zaXj La_^3 t Lo g'ijliLa L>tX~vj /^JL^Lc- 
<_iy> jjJJt JuLJl Lr <J-*Jl aU^Ml ( _ J JU i-Jy- *jLUj ^ is-jjJsVl 
1-L.o Lj Lc- *jZj (^JJlj c (Scientific Realism) «^<JUJ! ^L<JljJl» ^L 
ijwK^-j^Jl J-£-^ (i-frj-vsj-a) (References) a^-jL*- jjLb- ^>_^rj 

^yd-xJl jSJcS\ ^ aL>jM! IJLSs jUaJl ^j^juj .oL^iaJl iijlLd olill 
l"j\l\ Jj_« 5_Ja^>-'>L < Jl j.^ ((j-^LljJt)* jL-X.p1 JLj>- ^1 jj-^JL 



.143 ^ ti—i jJuail (15) 
.144 ^ ti_i; jX^ll (16) 
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iIUJ» tJJbx^JL ,y>j*->. L»JJ^ L^>U=j (.(Against Method) g^-uil 
^— > Jb-l jlS" ^JJl Jlk.Nl pJUJl 4 (Galileo's Case) «j-JUU 
( _ r ^l Jlsj .(I. Newton) Jj-J JjU^I ^Uajjl Jl« t*Lj-jjJl .Jlp 
iwJLp ejla.;,; f-U- j-JJLp jl jLj Jl 5JUJ! dlLr <u»j:> j^ jjjIjjLj 

tA^JUgU.-jSn SjkJl ^p ^J^te-^l JS i_ik>J jjSOl Jl 5JbJ^ 

La^ -lie- oUi Uj ^SJu c-UjI^jU t_iS_^i ^ fL$iVl <_ujJiJj 
oLk*>Jl J _yj; ^jJLs j! JJUil 15-iLj j| t Jails' JL5 .JaJl5 JU- 

(_J^J JJol^jli r£j . Lg^JiJ J-P J*XJ i} 5»-jL>Jl /-a J^j' j^lil •C^>dl 
UjJaj C— —-Jj ' *"! Lo j yj '■ I "-^v^J < g tf" os-L-Jilj ^j>-jL><JI A-Joul jl 
^LdUJl jlSCiNl jl AjjJaJl jl o^JaJli .^y^jUJl Ldlp J£ ^L~J ,»_££>' 
4_J} i_ilva_«jl ^-Aj t^Jf-j^JI ^y* ( _y>-jL>Jl (tJUJl fr-LJll O-^Jj 

.^iL^o IaI-Ip Lj LSj 

ii\j)l\ Jj-^o oS| LljLS L.L-J ^^ p-LJl ^LJ jl :^j\ 

.iLu^jJI i-bu oljlys iJL^Vl o^lj^l jlyj <.oLjNI 

5ilj| Silj^/I il t^^uj^La 4j>Jla<JIj ailjNl cJLS' UJj : UU 

.iJLwJil a>Jlv2^JI jj& j>J->ol -uLul lij 4 A>J-^a^5 ,iJi?o 

UjU jU^j ^JaJl J c~)Uil <u*L*I jJLiJI JLii Jij Lol : bJU 

idjS ^"-LjJ <■ J j-4J jl ,Lw>-jJjjJjVI /y Lpj-> tdliljNl />-£• jJwaJ' 



Paul Feyerabend, Against Method (London; New York: Verso, 1980), (17) 
p. 89. 
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Cj-JOj N UUaJ 4j,..kU ^ya^jjj <«J*y ( _ r »5'I^Jl j»Jlj«JI j-*J-=T J-^-^J 

ir° i^hi ^ t Liiw^Jl ^i 1 _^» ^^a j_^cx~» 4^'ujl aJl»JI ys.l^J»j 

.f-l^>-l (jji iij^^Jl /p« s-ljJJ-1 (V-^'y <_5~"*^ ^i "JJ-^J (*-*-*-*-' cT"*" 

(,U>Lp ^jl^Jj i (U-j »ULp (_$JJl frLoJl A-l^ t ^-* i Oj^o -»jJLJ 

.(i^-xJl) 4-~-~JI IJl^ lS \s- »jJU t4 -Jj <_$* li-o-Ldl 4ijj»^»Jli 
t/»jj| i ^jJL^J (V»^* •*! JLU-"2l <jjj> jj) LpcJ^J 4^L*j«Jl 4_w«a_JI 

-uj_J a_J (_jjwL*2jl J^jJ-MaJI) ^~Jjj^i '. i_^j>cJ Jj LJLxJ jj /»>-5 



Paul Feyerabend, «Marxist Fairytales fromj t284 ^ n — ~-a-± jJ— .all (18) 
Australia,» Inquiry, vol. 20 (1977), note 9. 
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L c*Jl t _ f ^^- )) • JLs hJLj-U^ <l?-j a_aLi L>JJw^ <^i-!l ^^ . a II 

tiiC^VI <JjJlJI <l)l <U/s>«L>j ii^jJl>JI ?ijjbJl ^» JiU ilLfcj 

! **i>Jl J^ ^> f^ 4> 

^t 4iJLJ\ «Ji>JI <.J^j iijj.1 tdJJi ^ ^^j cdiJi £> 

. « JjJj ^J iJLjJl aU>Jl ^ (.f-ljfc^^i^ J^-«Jl ^ jA4 ^» I^J 

llj 

^Li^Nl IJla (1)1 J^J'j .iiy^ JS' ^Ul 4jL ©.sUxpN t (Causality) 
ui^c- jLii .i-^Unj 4_jLj_^JIj L»j_*-p <jJlJUiJI i/L-JUJl <u_wJi> jL5 

4 (Democritus) ^^yUj-j Xs* ^$\j> Jo-lj t_^ ^^Lp t^L^Nl ^^^i 
^_>L_~*>I d)l ^lj «uV dUS .d)jJ»t>Lsl <uJ_*_« J_i^ (^j-LLp) ijjj-^> 

J~~- Jl* t JlloJl ^y6 ^H .JlkJl <_,, 11 j (.J^UJI i_~-Jlj 

:^jS/l 4UU, jJJ jl Up tjbjl 

J-Lc JLl*jJI Lgj^i «w> ( _ r Jl ibLJl (j\ : ij^LJl 3JL*_)I _ 1 

.(l)JL>u«Jl j\ C( -t.->Jl jl tj^t>Jl 

■ <U.wT.T j! Jli*Jl Jiw ,_$! : 4ijyA)\ iU)l - 2 

.o_^p- jl oL>nJl cutiU^ ^1 : ilpU5l iLJl _ 3 
20 



ijj«JljJl» t_^AJLa ^J i _ r «jLuJlj (Empiricism) ^L_^^Jl 4-j^jj^jd! 

t iij_*_«Jl jwU/a^o ^Ij^-Jl 4_k_^>ljj ej-j>Jl j-~*-i cS-Ajlj 4 *iljJL9*jl 
jj J-w>-jlJI jm^-Sj (»J-*-Ji jjJ*-> /*-*J •(_r*i3c J ^^ a iJUaj *uL*JI (T^Jj 

(The Principles of oL*-^»Ljj_)I ^aL^ 4-JLaJj_« Jjl ^^.i 
Ijl^JI dJUi» l^,\ :*}jX> 4JUJI Juw-j «-i>u (1903) Mathematics) 

-_L&) s-Lj^jjJl ^_Lp (_gjjL>»-«>.j ^L*_ii^ ^JjjjcJI IJla *•!_>- jJj 
ilUajJl Ojjl^ Ji* iaS^^I ^ jJjJ ^lyj ((Dynamics) ISL«L>jJI 
Jlij i]^>^uJlj uS'L» JJij ^LJl p_w>jJl jl o^Lla <_£JJl (Intertia) 

^ t/!_~^JI j| ^! 4 AjLs- j*ju <U>-jL>- ojiJ ^&y&± J La IS'j^-wi 

:SjiJl jjjli J^»j .j^SLJlj i5_pJl ^p t^bli ^ 'J-k^- 'i*^ 3 ^ 
to .iJ = (3 : iwiLjJI ajJ-«jJI <cJi~siJj .f-jL-xll x iixiUl = s^iJ! 
tii <cdxS" *-*j»- ( _ ? 1p (j £j15 ij>-jU- 5^5 c^iJa! IJJ 4J1 alj>J^» ^JLllj 
^J jl,/?fl,i j I ip^^JI ^j eiLj) o s-jL~x; ii^>cj <tJjc>«j LgJU 



tjly&'il itji Ju-lj _u-l j^-^j^ Jl»# is^jl iOL^b^JI Jjv»l 'J-jj -^LrLrt (19) 

.163 ^ i4 ^ U1964 iJjUll jb : Sy>U]l) ^4 
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(1912) (Problems of Philosophy) iiJUJl &y£lL* *o\sS ^Jj 

j -j r-lj LoJ^P C 4-J_*JI A\ A »JU i. *-^JL)l L ya*j 4_4Sj^a /J-^J jj-* 5 

jl JL> N 4j.il>- J5 (lib .iU^^lj tjjJliJl «-So-<j .iliiXpVlS' c^UJl 

. (20) ((.. .^lyc-Nl Ijl. J^ iaL^VI J5 juju; ciU I^J JJ& 

Jli ^JJI jjfc (Heisenberg) r-j-Jj-js. jl ^Jl SjLiNl _;_L>=Jj 
liilj jlJUJl ^-«dUI I^Vj i^-^l Ll* ^Lil aiij .^^Ul U~.j 
a^1*S\ J^L«jNl ^ (_i_pJl j^ IjIjJL» «_£Ji ajj^j ^~»Jl ^jjb:.H 

* * ft 

(^Lwfijs-^M 4-aj g a ^>j) JLoJL^Ml j\ ^^jjjjji Jjjj>tlil j_A iiJ-jJu>- 

IJLa ^i jl «_viljj -A-^j ^-o-f-^ I* l-i-* jl£j ••*-•-•' jjJLoJl o^UaJJ 

.AjjJ ljuji>-j uJ^- \j jjaj flj^AoJI 

j»_L«Jl ajL^^U jl>-I (jjlj JJ.W-" ijj^-4_> <cjJ -J aJL^woJI l jSJ 
«JU- ^i JULJ^'I <J^X>-\ JLii .J— j jljJa j^j ol5 _^J ( _ J 3- jk'.Jlj 
*JLp ^yjl (Macro-Physics) 6j~^3l ^.ilLJl *-L>j-i *!* j-* «-Ljj_«^Jt 
l»j+ab-&j ijJJ\ As- jj\ t (Micro-Physics) ilJaJi ^.slJLjl *L>_)-i 
^j L>j^j> .*_jkliLjl ^ Sjjj Jj tL*>U;l (.(Invisible) ljAk^J\ jJ> 

.*£>\j>- 4j>- jj 4~tjl*jl -t-JfclioJI 

L<?j L> ji-\ ( _ r & c^ljiLva^Jl ; l f~*J*i) ^JjJI i«L-?wl olj^U^a 

(Postulate) ajiL^Jlj .^Sla; Jl _ ^^JuJl J—j j^-^ jj-* 2 ^ ^i 



jb :[o Jj; j]) i-JU ijjj i^wsUil ( _ ? i — Ull jiCiJI ^j ijw-Li J^ji J_«^ (20) 

.170 ^ 4(2000 tioyJI i^l 
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p\ 1^1 Ml c^-Ul j^jill j* ^ib^i V ^ lgjl» J~-j ^iyuj 
jVj^J J U_lpLwJ jl a^Ju LfJlp *— *^ (}-?■> Ct" ^-G-^j-^j '^-^j-*^ 
ijj>Jl ill* VI jSjj (JjIj^U^JIj . «Lgj i«2>UJl ^ulijJl U L^lS ijjJi! 

.i»>-jj| IJjfc l^x— < 0-m~J L^XXJ C l>50 J>-J 

«-p*Vl i_JUJl ^ J^J^j 4JU t(l) aIsU- (jl Lj_jJ c^JlS" lil» :J^ 
cjjL>c_o jLSL« (Jj t(l) <Lol_>i_U jjl_>t_« o_sj (_$l ^i Ju>-jJ ol 

.0) -j V~-" °^r^ ^•s^- 
JUaJJ^U 4JLL4JI 4_J_*JI JsjJajiJl Sj^L^zj :*r*^JI ojiLya^Jl 
4-L*wL« (wiljj jl /j^v^aJl /^ iJj^j La Ij^^ 11 • L^-v^Jj 4(<HJLu*^Jl) 

fjjj+A& J\ j ./? C- jJ (JJJLwj (jl 4_*^i Lj^>w«J J-5"t-> (J-P cLoli>«j| j-o 

-_aI J— j L&j^Lxjj . UUap^l «_w*j>«j J-u? o U ^j U L_Ji I (j :.< 

jl Jb ^ki 1. ^jJjj\j>^j> Lu-J •^liU- ^ l5 1c- Jl.^.'l iiLa jjiC UwUp" 
LgJ-a oJ^>-lj AS" jjL>o 4_J_*JI <U_~JL~JI J 4ia^j tl» OLiJj>- U>-^-j jj5o 
. C^^L^Jl ( _ s Jt<JL iUa^o <LLkP tiiii ^ VJj Ji>-jj 4Jl jl t(_£y>-Vl 
/^p j^JljI (»j_^_i*J (t^j <ui oj^La^JI b-La (jjJaA_o (jl •7t_ s i)|j 

2*5 x 111 U = J 



.214.207 ^ t <u~i jJUall (21) 
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<^> t U-^Lo -U-Jl p->j* j*-« L-~£c-j i2.L) iliJ U-^xi^ i — >jj> L^L=- 

.^Lill c>Ijl>-^j jl*i» c-jL' jJip j^i (U) Ul 
^Jlp Jaxil Lo lip> : {$./?] j tAJbJl oj^U^Jl : 4*J^il SjiL^Jl 

JjisLVo ^ _r^r" J.P" *L\Jl ^T" <V* -S-g-J L~i^L<iJ 1 i.S'j^JI Oiljj>Jt Jyi 

jl jjk ^Lu^Jl yi^li ti>^ r «i \~£>\y o***-^ U-* - ^ dr^ LgJ .^-? aj N 

J^Xj jvJ La >iDi J^a^J jl J-^s^— <JI J-oj .Oj_v? ^}\ Lfcjj-b 
4-ijJa.. oJl Oljw?^M cJa_o/jJ ,^1 4^-w^Jg bJo» J j-g-$Q I l!jL>-j_*JI 

*Lwj lJ->- (J-^j "*——■" iJ-*- ,-JLx^j f-Lo oij <u^«-«_^w«jI c->ljws> j/Ij 

'. J_> Loj J-xj Lp»-,JL>j t Liu-JI Sj^Lvi^ : <tw»b»tJI Sj^l ./» * 11 
L.LS luf ^J ^Jj>j i(u)j (1)^ cioly>Jl ^ jkxs cJL5 li}» 
jl Jlax*J jl U jj-o U Ujl>-j c L $ : 15 (.— >)j (I) ili^%> j- 4 LiL«J 
o^ iJU- ^ (1) Ui^ lil 4 4jl Jlli JLp ^J r - A ( v ) dp (I) 

M »l 0-b>J (*—>) OJ15 lij L» L$j iaj~>L iajji* (^1 JL>t» /J Lui3j 

Lk^ U li| JUJI dUiSj .0_>) ^Jl>«; jl J^^Jl j^i tit>Ji>J 

UUJU a! Ij^>\s~ (I) cJLS" lil Lo ib^U jl JaL~J J ^Jj (l_j) 

. «JJ^>JI ^ 



(22) 



; ^L Lo ( jt i. ,*_^li j_«j>t* x*^*u> jj^j}\ [aj^Jjj l .L* j 

.214-207 ^y> c«—i jX^it (22) 
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*s-y ^--jl* J— j 01 (H. Reichenbach) ^L^jIj yW ^y_ _ 1 

^ *?> Uj! UjLyi i\y£~»H\ l-U« A^l^xil ^ (Apriori) aJlS <L~Sy 

& & ft & 

iJUulj ^Jj VI ^jiLvSLoJI 01 <j\j Jlas (Kneale) J_J L>1 _ 2 
ol^Ua-Jl Ujj-J oWjcl^VI 01 *-_~v^ (Fritz) ^j^j - 3 

i (1994 _ 1902) y_^ JjlS" >J i^rj ^ f^-£Jl ^1 ^ 

frl^iL^iVl ^^iijjj tiuLJ^l ii^jt^Jl ilUaj yL ajIjJI JCw4 <*Jl _^Jui 

*• ft <. 

f-\jlc^y\ i^A^t. L»-^ 'jj^d t_r*^ .\JjSi Ji LS" L*5 L>c^ jl Ix.* 

^M t_jjl>Jlj oUa5-">LJl ?*iL> j^- «j*>^ ^Jj^ Ljl-/a* (j-» jLij^/l 

^-jJlXjJI ^ J_> <.dj-^\j-Ls~^ Nl jJi L»-5 (Verification) 
JjlxJ <. a^~*Jl Ak—I_jj t Lg-j JiC <^n-oj ^1 i>^laiSU . (Falsification) 



^ 18 *Jj < _ J i-.LjJl ^ ^JLii _^ij _~>jj J> -U-Ltl jj5 jl JI SjU^I jjL?ij (23) 

. ^b£Jl IIa j^ 330 ^ « <. 1969 . iJiU-l» 

Karl R. Popper, The Logic of Scientific Discovery (London: (24) 
Hutchinson, 1980), p. 27. 
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i _ 5 Ja-*_> yy_ jl5j . (Method of Trial and Error) UajiJlj iJjU<_JI 
tjjk (^JilJl <Ju>^Jl ry^j .4ij-*-«Jl v_jLs^I ^j _^Nl jj.aJI J^"-^ 

: frl^i^^l cJ\ju& oJla .jjjj aj Jji (_$JJl (Deduction) JaL^u^lj 

(Hypothesis) i^ji ^ , 1?'." 4-x^>«Jl (Data) oLk*_<Jl _ 3 

jjj«j dJJi jU t4~J>yiJl Jujj (_^ JlII cj\jsJ\ 2>\s* itajl lilj _ 5 
(3-Lv2-j csLjL^sj (_^ JlJ\ y>*zS\ (JLp tL_f-LjjLsl JL>- jjij _ 6 
«jl_)J_>- j_aIj_1s cjUij-t^— » />-* JIwUjI s^-SUI ijl_«J ,♦_> _ 7 



-L«-tf J-^jJ c^^-JLuJl '■! .-•>■■■ Jl jti^i 'j-;_>-; Jjl-Sj '27 ^ t< -aJ jJ >all (25) 

-439j 339 ^ t(2006 ti^JJ i-^jJl i*kll .'oj^-j) i~U*J! iiyill Jjw»t i^iUiJl 

.440 
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; IoUj k_iuixj> j»jli t ju -lip Ul 

. <JL U3U~o iJl~=»cJ xtlj Jl cI-)"M3w^ 
ajJ_£ 4Jjji_oJ I j _>tJ /_>tJLii-ij 5^JjLL) 4j i , re." 'l /-a W . ' " . ..J _ 4 

iJl^i| ^ t *^>«Ji ^ iJU «ji_>>- <_y ijiuJl (Robinson Cruzo) 

7y^Aj\ j*p\^S> {jA ijJlAA j^2^£- iiLlA* i Lpj^?j^> LJLp 4j jJ^/5 

27 



Jj tJ^i jt-ilfr jL>"i /»-A*- JuJj (j-J «i**ip ILpj^j^)) a_^.U U jN 

^1 frUws^AJ .ii-U^Ml J^w tjij^ (Rationalism) iJ_I*Jlj 
«JjL*JI» ^Jb-a J"-**-*' <^' cS^rdJ -Vr*"-^ Cr° rv-LtJlj ijJLiJl ?t^>Jl 
^y <~£>J\j t .LarjJ o^ il-Ux^-^l (^1) . JiJU ?-bi;Ml «4Jji>uJl»j 
\Jujju JlUI J15 lil ti! t^UAS ^Sfl jl* lilj . (27) «. . .olJJl JlaJ 
.JuJl UjLj^ L~^y Jl*S\ d)S! tdili .^^llc- *1>JI o|i tJJL-JJ 






Karl R. Popper, Objective knowledge: An Evolutionary Approach (26) 
(Oxford: Clarendon Press, 1975), pp. 119 and 242-243. 

.27 ^y* 4 4 ij j-Uail (27) 

Karl R. Popper, The Open Society and its Enemies, 2 vols., 5 th ed. (28) 
Revised (London: Routledge and K. Paul, 1966), pp. 219-220. 
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oLMjJl ^ LJjjiJlS' J? (Berkeley) ( _J^j^ hu>l>- J i-a-olffVl 
o^i <_£ JJl OjZ J <Jr*J^ iii jL ^'j 4 tJ^ <_s* (I- Lakatos) ^jllS'N 

• ~ g ' a 11 JUi> : jljJuP J-*-?- 1975 >>Lp ^ LLS ,w>j <-9j-»JLiJl 
(Against Method: Si ^ ju o Jl (_ji <Lj_*iji Sj^JajJ ^JU-g-oJ hhx< 
i >LxSCJl IJla ^j .Outline of an Anarchistic Theory of Knowledge) 

4~<JUJI AjiJjcJl Ijl^j j\ jsL>- f-^^t 

o^iij <L^>-j -^jL^ J^j\jAi L^-Jl^ L^L ^.jlII <«~J>j}\ JlaIj-^JIj 
^JLUjNI jJUJI Ju ^jJlp cLLLLllj *tjj~iJI ur*-^ f-^* cy '^y^ 
AjL-Mi J^s> d^J^'^*-" (j?*^*" u-* ^l^l <»i^j .(Galileo) jJlJI^ 

^JJU pJUJl Ji^l jj JiUJlj ,1^1 ^JU ^ JjT J SI .(.jJUJ! 
jvJLJl d)j-£-J caJ Ju M jli" Jj c«JLijJl ^ »\y>*S\ a-Lijj; U-> 

>» JlkJ! ^uL^il ^A ^l!l ^*»>«j1 CjLJajca ,J-£ (w-JJtlJ <jl L y« (. aJJJIjj 
IJu^j <jJu>U-H (^-jJli^Jlj ^^Jl^i^Nlj ^-JwijJl) <>>j^l -Up 
cULp-lj tJJL*Jl JL*PI 4la,«iljj t(/>jJjJl ii^>t>li ^ A^wij^Jl t_ 4jj 



Paul Feyerabend, Against Method: Outline of an Anarchistic Theory of (29) 
knowledge (London: Verso, 1975), pp. 50-52. 
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. (Telescope) 

i V) '. a ^>c_>jL> LwvJL^J ijj>-jj jl ^»_L*JI ?r I '. oJ L) ^>_m«j La A)3..,«jI aj 

oL J ..la:Jl (j-^j ^g-Lkj-^Jl f-1 la Li VI «_d_^>jJ (Incommensurable) 

/S^>_ CJbjJajJI /_« 4-tLHJ oJbL>c^ AJ^J ^J^TJ fJbO tlloj 1 4_»JL>«JI 
C— »Lj .^^^JLfr pr_gJU-l -Sj-^-J N <bl JJjI^jU JlJLl*j l^i-Vl ^J 

oJ-Jie- <jLL*j j> (<-L«-L! j^JajJl j»l J^>- Nl jl i^^jj .LojJlp jjJxiJ Lg_i 
*jLJ| OjJsJ! ^ 4_~^J*Jl 4J0I (_gJJl jjjJl (P^V. J-*J '*jb±- a-UL>- 

: ■XAjti hjy 



.142-141 ^ t «~iJ jxA\ (30) 

.224 4214 l 178 1 171 4 165 4 158 < 142 4 114 ^30^ 44 LJ jJ all (31) 

^ oLyaJI j-j KiJjUll «JlSL«l »Jl*J o-jjis? jS'i J^> ,^"1 j_^ dll Jl 5jLi)ll _,JL?ij 
. 2_JiU-»j t206 . 205 ^y. 4^Uil J-^lj ^202 . 201 ^ 1 «~.b)l J_^ill :^1 .aA£ 
aJLuSIU : oIjJ-p Jj- jiJUl JjlJI «Jl1w ^j .4_;L^Jl (JL* j_« 322 . 321 ^ t«1969 
jjjij .^USUl IJL* ^ 320 . 319 ^ t«oljjJ-!lj SJjlill i^lSL.1 f-U>j t^w^-^yJI 
*Jl>^^I IJla jlj iL>jS |»J-<Jl ^i_j-_Li -_-l 4 4__ U L1I oJl* ^ l j^i J^LU ul JJ SjLi^il 

(J* _^*Jl />Jl>cl^1 (j^ij^JuiJI ^ JL^-(j A? <jl j^i>J • "iijUll i-jLSLol »Op» <Glj j, ..»:ll 

■^ f^i cii *>^iJL jjjl^jli ijj-i>ji t-.'.^ djS 01 j5i U^ .j^-Ml j* J-^— • >^ 

.j^Ullj »Ltill f.U;i*-^ *ULJl 



30 



tl^Jj. UjJil (jJl (, (Thesis of Incommensurability) «AJjLiJl jlSLol 

(Logical ( _ g JLkjwoJl f-\ \a i iNl 4 a ,,,? . jLL^aJLJ Lo-fri 1 1 ; 2 k '. a 

. Disjointedness) 
Laj_<»_p- (Realism) i T *J\ji\ ^Jugj i^-j^is^l Jl& ^^ ./»-." L>j 

IwL^j "Ucaj t^ljLo «JlS' («iljJl ^yi j_ ? >-_j-J0 (Reference) a^a^-^^JI 
L-S'Lw Uj^js. ^iiajj <u*JU ^f- *ilJb jl aJLp _^i teLUJJ .(JjUaJl 

(Whorff) *-ijjj If^Lo ^1 Jk3\ <$>-j *-» X^U <-ikloj 

tjjfcj "Vl tlJU* ^^jXjJj /»M£Jl IJlA Jl^J .LgJ 4jL/>Ij oljil ij->^ 
«4ja>-'>LJI /y> Ajjjtj^a Js>Ujl i>J Ji£-I ajjjl <_UJb (»-££>- J 



Feyerabend, Ibid., pp. 223-224, 237, 270 and Annex 5, and Whorf, (32) 
Language, Thought, and Reality; Selected Writings, Edited and with an Introd. by 
John B. Carroll; Foreword by Stuart Chase, Technology Press Books in the Social 
Sciences ([Cambridge]: Technology Press of Massachusetts Institute of 
Technology, [1956]), p. 121. 
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ib'yij .ILjtjJaJl oUJJ <JuLw> LajLxpI jiCaj i^^JuJl oL^JajJl 



: <ut^ ^ ^j^fi ^L«JJI jjJw? Juy ^1 1977 ^U J>j 

J_4jL.il (T/je British Journal for the Philosophy of Science) a«JL*JI 

j«-$jIj . JjJl i__Ji J_p- (Stegmueller) jij^s^^> jliCil ^^a-j L^J 
(The «4jjLL<Jl jLOj. fJ_e» i^j^-k-S/ -u^^ jL jJ^^^-jl- 

jj...,^> " (j-j 4_kli» 4-g_»J LJ ; l -J jl5 Incommensurablity Thesis) 

XjI^U Jjijj .<jj±-\ "^rr j* LgJ j^S" jj-^j i^r (>• ^ -^Lrf^ 

*Jj«__*J i_Jb>_Jl (i^JLJl) ol_Ju_I^J( j! bj$ -__-N JJ_ (I) 

jl) J_i-lJ__>l aj*>Lpj (.(Exclusion) *l_____iNl iSM-^j <. (Inclusion) 

.(Overlap) (^S\ji\ 

._j_L_i_a jz-cj _J-* *L_i yl _J J l_L>_>_> oL»Ju_l -Ji oJJbj (<_->) 

j-*-~«j *y 4<ii_i_Jl (ivJuJl) oUJuil^Jl ^i _jL>_;N! ^ji OjJwUJU 

^ ... J i. ' -J V^>tJj 4j_C>td pzJbALa Is- Aa1J£ CjL_*j,il _Jl jjj (w 

jj5 jup i^^LJi oLJu.ljJl jj JjJsJl ^1 JuJ^jlj ^s^jj .4^jIi) 
__>L_^I f-j^>_>_<J (Incommensurable) L^JjlL* <_l^»J fJL*j _j_s-_j 

fJlpM _^*J (»-_*-_>_j L>Jl1p" AJ\ ^jA tJUjIjjli Jj-4j l<b-_JCjlj 

^IkiiNl L»jb _--*! o__5 ".(Incommensurable) «4JjLL<Jl oLS^l 
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. «V| ^^J) 4 (Deductive Disjointedness) ^^Ji^Nl ^yikuJl 

3_U- •yt- Ajj^LiJ <La^g_ia j^Sj»tj J_j| _>U jl (»wVaj Lo_a I /JL-^JJ 

U (wiJjj ^yJl Oljj..,<3<H ei-gi -OljJ .,r->" II Ojjl^ ^ji iijLLjJl jlSLaj 

Ijjj (jsjl J-> t (Neutral) oJl>L>o» c~~J «4L>Li ^~<JLp 4j^iiJ» <u*~*j 
lJU .UjLlM iJ^xJj tJi^SJj tyjj ^^i : (Jails' ^1 ^L~J) LkjlS 

«-<>!>ta frljl » JaJl ^ yjd ( _JLp A».7...tu SJjJl?- AjjJaJ ( *-jJ-iiI j|» 

iiJJ 4-^LJl ^iSVl objJuJl ^yU^ ^jXs- c^ljt^JI ^ jJu *^> dJJi 

ciJaJlS' «_,5j ^^Lp (^^iaj Aiij^o jl t-ijlju JCoI^jU jl x£\j5\j 
J\ >JI ^ J3l>» VI ^ ol <~d*Jl oLjjkJI jl oaLcpN diJi 
(.LjL*i^jj to>LJl LJlJLiL«_< ^g* jJjj L^i-^ OLi tlJJ . »rt-JbJl 

Uiul ((«il_jil Laj^jt4» ^j t LoljLx>-lj 

lilk« jl£ JljI^jU jl; r-Lui^.^1 ^1 jiiJl ^jj V niUi *^ 

4jjJaJ i_^>-Utf ^y^jJj^Xvsu^l iaJlS' _-J _^gi .4JLLk*Jl /»Uj JaJlSll 

p. >* 

Jwo 4jiJL) (*J je^t-ijLj JaJlS" /w« IpjJ (U-o-J 4JLXJ .ejj g .t. -n 11 <t3^-*-»JI 

^^i t^JCo N ioL* JaJlS" -IXP ^yb-wJl JJixJl oNjJL) jV dili .JJS 

!^ .(^^Jl - l_~~Jl) 4. w^j l iJjAA ALo I JjL*j| ^J <L»JjJ<_JJ *ij^ 

■ IjfCji xJ\ji\s X& oL^JaJlj jlSo^l jl 



Paul Feyerabend, «Review Articles: Changing Patterns of (33) 
Reconstruction,)) British Journal for the Philosophy of Science, vol. 28, no. 4 
(December 1977), p. 369. 
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Jjt^j dJJS Ji" t/ijJUJl ^.iL* ^ 4.JLW.U.H «-*Lw<JI J..,, la." jliCM 

*JaJLi» AjLbj>t_« r-^l i»L*jl ^ l_iL!Lj ^^^JlJI f-Lh^-Ml ^-jjIj jl 
i_ilU JbJl p^jU jl -UjI^U (^lj 4 till J^ iy~Vl lfvi*j JP lf^i«J 

oL$j>-j" i J j-4j jl e->tj 1*5 jl t *u ,,rf .?• a ol^yixjl /-« JbL»Jl /-o 

: Jl&al^l j^JU; - 5 

AXivJjj /»-L>«Jl /«jjIj Jl^" ^j* ((j±L>J-^l' jrir^i^Lr' jnri jr^J 
L^iji >— a- ^ j ^Jl ojLJi j!Lj j _«J!_jUj Ij_ j .jj_»JLJL; -iJJ jl J_> j 
^SJu ^ . <34) «^lijJl JU aLL. *L> Jl*Jl» : «d^I> jJbJJ (Davies) 

i L> g ■ T IS' K.alil />JI 4_j«_s<?jjlj (f^J&J ^Jj-J) <U^jjJ»tl)l 4_«>jX»JI jl 

< _ s x3i (Facts) «ilijJl j» ju.-.~J jl y^j iwJUJi ii^^ujl jl jNjJ& 

^^jJI ajj-^lJI oljL-xi>-^l jl aSJj (Hanson) j^-^JL* j^J 
ollSLJ; ^^1^ frL-iNl jj-a; ^a>w ^ ^iij^l oij alji^U J..axJ 



John James Davies, On the Scientific Method: How Scientists Work, (34) 
General Studies (Harlow: Longmans, 1968), p. 8. 

Norwood Russell Hanson, Patterns of Discovery; an Inquiry into the (35) 
Conceptual Foundations of Science (Cambridge: [Cambridge University Press], 
1958), chap. 1. 



34 



^IjJaJl «Ui>-^L<i (V-xjL^-^ (^JDl jL^J^fl *-L«^j jl t_^-*-Jj .S*-lj_2Jl 

«■ -^Jl Ijia jjk U <AxS ^i Lftji'Jb (_5_p-i a^_» i)L^» 1]Laj 

jl t^j (What Is This Thing Called Science?) ?LJip ^Jj ^JJl 

o i_Aj t (Factual Statements) «_JlijJl dLLj >_a ./> .7 ^^Jl oJJl J_j 

iijj-kjj i jjjo *y «jiijji oJj . ^ij^Ji ,^-Jj J-^*-" W-L 5-5 - 4 

.4_*jjLL«j ii'^jJl CjIS JplibxJl i— . I la; L*Jlj iJ-AJl \^jlS ,JjLa>JI 

^1 tiiy^sdl Ttjl^J jj-*i .^*j_ r >tjdl ^J (JUJl JL=rj aj»-1>- L* j-»j 

O J(I_J OIJ.M 4 1?..,jIj-) (Jo />-« 4J j^-i L« 4 re , nl j-) e-Lo-LnJI 1 g,.ujL<i-i 

jj <L«_£_» »JuJl>- 4_w<JLp <Uj^j *I_Lj jl ^JJ SjLJi^! jJ->t_Jj 
U ^A 4_~> f^xXil j«JUJ C-J15 li|j ./-J^JI /^4 I.J*L* Aj Ijjg .'•> (_$j*Zu~o 
C— ~J Lgjl objta li_gi 4 (^JLlJl Ojltt^ LfJ-* 1 ?>£> (4^1 AjlijJL ^ a^J 
C 8-.-0 4jj-*-« 1 wUaJL; I j j. LP (Jj .|i^ J ><Jlj ,3j_^L_4 ^«i|j_>iJJ <Jl_i2_x_* 



Alan Francis Chalmers, What Is This Thing Called Science? (36) 
(Buckingham: Open University Press, 1999), p. 10. 

.12 ^y> cu_i> ^Ju-ail (37) 
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CjUjJjj-JI J_La (The Unobservable) LlL^'>L«JlJ LLUJl r ^ r k- 
>wJlj 4 (Genes) cjUjj^JIj c (Electrons) oUj^^JVlj (Protons) 

pr $*..< (_3;;»" J-Stli^U <• lj\>d\ oj-ft Jilo ( -4S .4jUi Laj DNA <LjljjJl 

Oj^j *Jl«JI -mJI ■!*-> Loljiu^l ,j*J *l*ili .frljii-iMl ?>^-» (_^j 

4JLj>t^>Jl kUljj^aJl J xa a ;j t Uaj>Jlj ijjj>sjJl <JjjJ» jj-C- />JliXjj 

# p. 

L^jLU LjIj IJjjJl; t^^Jj .iuLp">Ul ijjjiaJl (jijjs 'jJ^Jj (%-L«-U 



.28 ^ c<^ jJwJl (38) 
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jl5 lil :y^j co-^J» j^ Ju N t*^» Jlj-w- iiLwfts JJa., t^SCI 

( v~S'jL» i— »L>-( -XiJ :e_jl*J AUaJ jJ*> L«j c i^jjj j~*Z 4jb»- J rt-L*jl 

"ft fr 

tk_-Up ( _Ju- LjIj <U~laj <— -JL5 Ji jlS" jjj c (Hegel) Jj^a ^U-Nl 
dLSXjJl ^Uij j£J .^jjl dL^JLjb V cg^LJl dkSXjJl JUi 

dili jj& Ui .o^Soj <jl j-Uj /»-! tJLw<JuJlj t Uajl ^yLJVl <. l y£j\j> 

<»|jil ^ (jH'-r* Lg_L3J Jij (.iJ'uJl i^aij J-*j»-I <u| ?_p-LJ! UjJJ! 

.■(Walts) ^JUJI i^aij 1^1 i^jjj J\ oUailJIj J^ail^l 

<r~ tjLJp <— 4j>-jjJal : J jJLi jl cAjMJ <~ jLJI <— .Ls-lj 

.» f. * 

\ l j^3iji\ Jl~?xj jjSo *J jjS jl t Us- \^iy*u U 



37 



> 



Ji, t m"i 



-L^Jj JHw>- cj5j .ULc- jJis- <u^«J>- ,Jlj^- J^« ^J ^5vJJl cjI-LjI 

^jXaSU- LjJLp jJUJl rtjjlj ^jJLp (_^j-*J Jjl (J^J .sljj^Jlil is-jjisl 
c-bj^ill *Jj=- Lg_J aJJL 4.JL..,la." i^Jji e^U ^ iil^iNl <J Ja>Jl 
^yL^ iJli ^j^ cPi L»Jl1p io-jiap ^y-^A-i cJlS Jij .*LJl*JI ^Jj 

.^sUJ! <e>-l>J Jle-j ji-L»-!l 4«. ; ,,,t?,i iiLoJl i^L^I ( _ f ^jkLL» 

ojJj L-g-» ' /f^J ./»^l*Jl ia-^ldj Ju_uJl < Js^oJ^ ^LoIa! /^j t <uli 
j£; -J LgJli tjlioSfl JibJ ^Jbjj^dl 4Jjij<_Jlj ajjjjJI SJu'UJI 

A^JUJI C*j\Sj .\J£ l^-w-ji 4j«jL« ,J>^L«i IgJUjis-l CjLjI -jP La^>^P 
^Jl (U^JaJI *le- ^ JUlllj c^jL>- iaJai- ^ i^j-W - Jjp«J Jj->^>- 
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-w^jCj -oiwiil f-r-i 4jjL>e_« t Lo jJJLj t JJl«j j^aj .oL«L*jla )i I 

l» ^ A^jytJI jlS^I ( _y2ju ^ jJUlU ^JjNi J^>j> CJlS" 

ijwajJl SyiJl dUU MjJj .ijlijU i»^L>J <*-»bJl p-*>LojJI v^ ^ c?* 

oLl^T <Juij t (Alexandre Koyre) <>,jjj5 jJuL~53i oULS" t^U- t vi "] 
(Helene j^-jjl^ j- : .L.aj ^(Emile Meyerson) jj-^^-* J-^J 
a J_a ojJ-j Juij . (Anneliese Maier) jJu> j-j-JuJij c Metzger) 



Alexandre Koyre, Etudes : ^y\J>- j-nH^J iJLjJl f-^-ljil (>-* J-^-l oLSj (0 
galileennes, actualites scientifiques et industrielles; 852-854, 3 vols. (Paris: 
Hermann, 1939); Emile Meyerson, Identity and Reality, Translated into English by 
Kate Lowenberg (New York: [Macmillan], 1930); Anneliese Maier, Die Vorldufer 
Galileis im 14. Jahrhundert. Studien zur Naturphttosophie der Spdtscholastik 
(Roma: [Edizioni di «storia e letteratura»], 1949), and Helene Metzger: Les 
Doctrines chimiques en France du debut du XVIIe a la fin du XVIIIe siecle (Paris: [s. 
tl.], 1923), and Newton, Stahl, Boerhaave et la doctrine chimique, bibliotheque de 
philosophic contemporaine (Paris: [F. Alcan], 1930). 
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jli i4^>L>*Jl ^L^cjjLJl j^Jl^^uij ^y> \JS ,>jlp «_« l_ r JLS' jJu\ N 
: ijlji*' <U-^- ijj>l\ (A. O. Lovejoy) ^y^i .1 .1 J-o-^j t -_gJL-£i 
jjL^Jl ^L" Jjo t^ylill j^^' ^ "^ cio-JajJl i^>-jJI *JLJLm 
jl^iVl ftjjL* aJLp <J_^L_ ol (^^j LJ (_5jj-^aJ ipLy* ^ tiJu^Vl 

f-UaAJI twA.i.tJKj (j}fl fJ^l dr^ ^(t-LJl /*"4J^ («^i a JfcUs -U-^gj C-w*j 

^LJ! JJ-kJl jjl^p ^^ j^Jl (Jean Piaget) <4^-L-> jU- ^1 

. <Jl> <_£JJ| ^>-^l ^J U-b^lj ^0 jLiJNl isio^J 4ii^JI 

(B. L. <-ijjj .J .i— » cj^L; ^jip ji~\ J^oj ci^j^J t jj;dllg.t.->Jl 
^JJ-^I dUiS" t( jLJl ^1 S^UJI j^JU UJUl ^Jb Jj^ Whorf) 
U^-Jl ^uLJLLil oL^»SM jJU Jl (O. V. W. Quine) ^1^ 
f-jj jl£ tiLIi . ij^jiil LLA5Jlj iJuL^jJl LI.A5.H jj-j j^wwojJL 



Jean Piaget: 7/ie Child's : ^1jJ\ ^jjLj ^ Sj-iL-a S_L !j Ja->j t LaJ oL^J oLLo-s-j 
Conception of Physical Causality, Translated by Marjorie Gabain, Developmental 
Psychology; 18. International Library of Psychology; 80 (London: [Routledge], 
1930), and Les Notions de mouvement et de vitesse chez I 'enfant (Paris: [Presses 
universitaires de France], 1946). 

Benjamin Lee \ j la II .JjjLS .i_j dyr iJ-5Jl-Lj> nijjj iib_>' <"-^ J-^j (3) 
= Whorf, Language, Thought, and Reality; Selected Writings, Edited and with an 



4) 



Entstehung und : jl_^J_*_j (Ludwik Fleck) ciLJii dLji^_J <»_*_«> j 
*Lp ^ji JL; jJ-m») Entwicklung einer Wissenschaftlichen Tatsache [ix] 

J-a J--15JI C «Jj_Jl <_£jJL~w* < _ ? JLp tJ_»_^J UjL>s_« 4_Jj t (1935 

^^jJlaj^- ^iJLli i-jl^S J_^3- (Francis X. Sutton) jjiL- ^.......Jl^ 

JuJLjl L^ J J_ h ^ J _- ^Jl ^ ,.•::• jl Ju V jLSoVl dJLL" jl iJjal 
JU*Vl oJu Ji\ aJLJiS oljLil stal jj^u^ *ljiJl jl ^»j .<_yU*Jl 
^ JS\ JlSLiL Lfl jj-b> ^1 jSi\ jl ^ Ju N 4JLi toll>U~J! jl 

.L^wjaJj lg.»..^>j j Nl , « . 1 U" ., » I jl 

tlJUJL*- SL-*j Jljl L> L^i eu5 ^1 Sj-J^Vl ii-JI J^U-j 

^ (Lowell Institute) Jijji -Hf*^ ^ j-^L>-l ( _ s £! oj^o ^ oyj 

Jj^- Ojbj 1 1951 (>Lp jj-a ^jU/jlil ^ J> J*>U»- c-j-gJl t5-«U- 



Introd. by John B. Carroll; Foreword by Stuart Chase (New York: [Technology 
Press of Massachusetts Institute of Technology; John Wiley and Sons], 1956). 
Willard van Orman Quine, «Two Dogmas of Empiricism,)) : A\Ju> ^ <ul j jAjS />Jij 
in: Willard van Orman Quine, From a Logical Point of View: Logico- Philosophical 
Essays (Cambridge, MA: [Harvard University Press), 1953), pp. 20-46. 
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<Uj>-JJ jJLv2-« J2J>J| J—^J CJLS" jl£iVl dUb jl j-jP tJ _a^l Jjl 

Jljl iJolS i^>J <ulaJi ^jjjJJ t^^UaJ _^£jJl ,*->Jij {j> ^ Jb *if 

o}\£-^Jl .JpU Jid; LjJUaj^ v-^ 1 ^ ! H^ J 'L^JJ 

Aj«~JaJI oli CjLJjJj! n-iaju> OJb-j < _ s lJl j^*j 4~-P <U>-^xJlj L^Jli 

•^ ji-1 j\ Jlj-Ij <u*J (_$JJI J^LS^JI s-j^U UJLxu l^y» JuJmJl jlS'j 
U2^i j!5 L^Jw« ji-Nl *-w*a)Ij .(3t>UJl ^yJjJl tt~>*Jl ^ LLjJbu^Jl 

<JlSj ce-LJj^ ri^jJa.;! ^L^^^dl ^j^oNl Lfc->~>o «il^" j^l AJJj^laJl) 

«jj^Jj»" eLol dJj^-2 ^JJI jjlatll la ^> i s-Nj-A t.a. ,/? j 4-Ju_*Jt dJJj 
(5^-1 -iauljJ 't^i (^1 AiUs'VLjj i*}L»j .t-iLi^l jl oJuJ^- 4jjJaJ 

Sj^.Jb OlJu Ji iljb»wJl aJUk jjJaJ fij~=-NI 4-U-^JI cJlSj 

^jJbJl j^J J LUJI oUjjJl ^ <y 1959 _ 1958 fUJl *U^ 
of y* JJJi ^-a -^jfeNl jL5j .»Lo! 1 j : .1 »U c5 jJI o^LSL^JI ^1 

J [«-jjJIj ft-" (J' (J-"" i!H^' 4-* < '■" '' f'to-Lp CjI-L?tJL«j CiJl>s.T.»JI 
oli!>^J>-^! I f-L~Jlj iJ_P t ( _^L>- ? y^J c^jjJ^ftil jjj , i la ,*j 

L*.Jgll pj-L«J1 j_5* (^c^-^*-" ^' ^^^ i_/ <-iL«i^ 4^ !>L<a^- ^jJULJI 
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o"iiU-« ojljl ^i e^U- jji^l JL5 sL>Jl ^Jlc- jl *L«_iC3l jl f-Lj-AJl 

^ oJj ^jJl jjjJ! iijil jl ^ <j^Li o'^l^-MI dlii jJlvs» ^ 
o_ r ip| Jij ((oLJuil^Jl') j^Jl dUS Jiu> 4^*-x L« e^-^l oj>*JI 

of OlS^L jU^ tv^-Vl ^ *^>Jl LiUS j>. J ^ LJUj 

J^li- Jj^IJ* J ( _ s xJl ajj^ajl ^j? *LJU obJl5 j5i ^ Ju V J^Jj 
Oj>j ^J^l 4>«~«Jl <ui cJuJL^t <_£JJ! OijJl (_^>-J .oLxj^tj^Jl 
^i J_L>s_4-^ i? AJ <Lkj-kJ-s_*JI . ^ a" 01 C--*J>jj 1 1 §-a a » a 4_*->-l j_« 

ijL^«j 4^cuJI Jj-^2j>- IjJaiJl I _J>-! j tpljxiL ^IjJui *J 4 ^aJLLJI 

l y M jjy> JJjUijj "U/sUijj 4 1 wdi /vgJ Jri^- "'■' • ...wlUi ^»r?.i?'.a r^J 

^twa-Jl rtJlJi_^.Vj t ^^-Aj^Ji jJL^Jl '^jbN (Charles Morris) 

(v>t>- (J^ <WJ>jjjLJt ^ vJiJ! (jl __>~C- .C-^>tXJ ^l!i <li>jJa>«_»jl-) JjijcuJI 
Jj_JLil diL" ^ «.ft,.!?-^Jl ^1 Oil oJL" ^xJl olJLs-Sfl of ^J 

<ojS (^Jjo M 4_^US3l IJla jli c5!jLl~~oj iw*ljx« ij«--i>j o^^*—j 
4_>LgJ ^ ^^wjy (UjUslXj (_$JJI Jl^LSLSI < ^Lx5vJl ^y^j 4_!jL>=_3 
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jtjjJLJl IJl^J isLiSo LJiuJl A,a,./9.1l jli lAijJLJl oUaj^Jl /*-^ij 
4<llp La L*ib ( _$JJlS' JuJl>JI <l>-_^JI ^ *-jjJ Lv?b*Jl j»_pL>tj| 

^_Lp j_^~jIj j^SJcAj ajLj r*-^' LxJjL>t_/o ajj-/ 5 'j-*->«-2 <jl /fSw«_j 

^Jl Jj^o_*Jlj JLx-aJI ,j *_*»< till f-l a_il <L>lj_JI X_«J i c>*-^> J~> J «~«JI 

£,jUl ^ JJi i)L$i .JjJ»T o — ; ^ t |^>-t cLgJU-^t jl oJLl 
^^ic- ioLjj .oLol 0> SiLL^MJ ^ ^iy <_£JlJl _)I>Jl jj^ _xr^-! (*— *J' 
f-Uj-iJI (Jlpj *L>Jl *J-p ^-jjlj j-* X»jl~^> J-JjJI dUi jli t L±JL3i 

^Lxl ^jip _/^l <Wa*J ^j iaJjLmJI ^ (JLjMI oL>j a^So ^Jlp 
<u^>-j jj J olli i_aw»lj .L^Jf-LLS' i^>J LJLJI dJjLt^Jl i_^uUj Lo 
^ jJjJ t/ UwiJl f-l^iJl ^p S^^S^i /»JuJ La ojjJa^Jl j»JjJI ^ jJiJI 

^XS-J .c-la^JI <_e-L° 4_^P-L*JL>-lj "UJsJjU tL*->s-JI /-a 5JjJj>- pljjl 
{j& cJj\j=^H\ lg-~Tj-«-J ^JCU-J L5 l!l iijjJaJl jli iJlL.ll J^-^ 

c 4Jl../?a" L*lj.> ^J| r-lx?xj JjI^l<J1 ( ^L*JI Jj>JujI aUjiaI oLSjiJl 

Ja^v? ^i j^iL^Jl ,JLii-NI Lg^s*j ^yJl Obj^l JJ^> J^> LLt« 
ojjk JL>-1j ^>&jjLJI jj b '. ^Jl Li J— J (J-P ,LnJ<J 4-^JLp CjjJ AS" (1)} 

^^jlj-ft ^ jjSJuJl ( _ ? iiJl t-oVl ajJjJ ^yi Jjj^LS" _ c->L-JLJl 

AjJLJl j^> -Jlp jj-laJ (JL— 1 ^ ♦Juilj^JJ ii^-*>Ul ejJ^Jlj ii»LJl 
o^-iSl L§-^iLj *J^ ^lll Aj^>jaJi ^ojlJUjl J-Svi *^r^ ojj.v?-' "!>^->rjs 
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LLiLaj jLi-ol^j L^J ,L>L*J' t^aliu-i ^s SjiU c~il5 jlj co^t>- 



.AjJLxJl jjiaJ' ^i 4j jCaMj ioLaXiNlj ^LpLjJ^-^M ^>-jUJ! ijj^JaJl 

JlpLvJ Jti i_?-jL>Ji i-ij^JaJl jl <Jlc^Lj aAjjjJ>\j) (Copernicus) 

7- y^~>_J .is.iL>- 4_oj 1 jX~j2-a Jl *i alii AUiXJ! »JLC- B ^AUJ> L>j5-<J ji 

J_p (>j-L>«Jl ( TjL>- <UjUJI i—Sj^JaJl _J>'Jj lg_> ( _ ? Jl AJL^^kJl <uta JtloJl 

■~p <L«j*>\j J_>- p~J?j J! ,*^~j j-«J <S il *i»Ji ol^LotJl /jjo (_>^-* 
jLu^Nl jli t^iUipl ^^ . Ajjjill lTjL>-*>L^I Ju>-I 7-l_/il (JjjJ* 

^4 CJj^L> ^Jl 4-^OjJl oU-Jj!j2}M dj-*J V i^jULji jLj*>U •Tt^j'ljjl 



Thomas S. Kuhn. 7 Vie Copernican: ( _ s _s J_«lj--*_Jl oi_i c Ji_ij_i -A_2j (4) 

Revolution; Planetary Astronomy in the Development of Western Thought 
(Cambridge. MA: [Harvard University Press]. 1957). pp. 122-132 and 270-271. 
i^L^iNL li&!>l\ il^ 1 oMIJ-l y< jy^i ^U*J! j^Ji Jp - >i c_>! jb iJUj, 
Thomas S. Kuhn: «Conservation of Energy as an : ^_i i_j-j_ r _L_o ^s-^j <u— ^-jLj-I 
Example of Simultaneous Discovery, » in: Marshall Clagett. ed.. Critical Problems 
in the History of Science; Proceedings (Madison, Wis.: [University of Wisconsin 
Press], 1959). pp. 321-356: «F.ngineering Precedent for the Work of Sadi Carnot,» 
Archives interthitionales d'histoire des sciences (Roma), no. 13 (1960). pp. 247-251. 
and «Sadi Carnot and the Cagnard F.nginc.» Isis (Chicago), vol. 52 (1961), 
pp. 567-574. 

^J yi^lly j£\ LsUd Jl i^JL Ml ~%~^> <~>- } \£-\ J^IjjiJI jjp j-^e-\ N jl-s <.^JL!JL! 

.jjLill iJu 
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V* A^iJSil I j LJLJb>«J l-L*j J-JTLJL) i_j ■ ,/? ■ 4Jj>L!j - 4-!jL>*_«Jl o_L* 

.^L-J> f ^! ^ JjSlI L:^Ji 

.aJLULoJI LjI~^JL) iiJbcuJl v ^s^Lx^J! <uL>,^>LilJ -odii^^Jl i_aj1j^JJ 
.LjUj ikjl^uJl e^L^J j-* ,jl ^i[ "-^ j^"l ^^yLJ-iil ^_iij-<Jl ^1 

J^-l 1? ,oJ -3 (J *-Lo-*->J jj-3 .-*J V. ' iT^"*" 1 ^ ^U^ \P /»->t-J wl3 J 
C~~J iljUwJl sJl*j J^>J (.kii-'i ^ jj_lLi_>_^ -v-^JI ^JiLilPl ^_jj 

w, ' V _, . J _/ . " I ' i^Jw 



LgJoLt ji u^j-U^lJI IJlA L^j i^x_^3l jJl Lj'ljjl u-jLiklLjt Lai 

IJlJ ill Xiy 3 ^-~*3 /rr^' «iJJi JL_a ./?ill JlsJj .^ ^x^iJl (_>j-a-i 
«_>_<>->- frLj-^L A_>tiN -iLjsj . LSCj^xJl ^ aJjUx-^JI o-La ^ jLSCi^'l 
v_^U- ^J! L_p-L>^i^ ^ (r-*^ ; ^ ^ oL>*>Lp ^_-.Lp Jj-^-I^ ^.Ul 
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^j-wJj t (James B. Conant) oJU jJT .<_; ( _ r ~«_ : _?- oLS" JUL! 
(,*_LJ1 ^c-jjU ^JLc- ^^-i^ ^ Jjl <• (Harvard) ^jLsjLa 4_*_*L>- 

_ <Oi' jj oJij SjLSCsLj ( _ r Lf- J^J *J <LU_«J! dill Ajl-b JL«J >c? JuJ( 
C^\j~ju y-\_fl\j AJs^k>«Jl o^^j oVl^iJ fjtAJl oijJI dU3> ^y Lm 
iaiSjUi ^iJl (Leonard K. Nash) ^U .i) ^jU_^J L>! .L^-i 4-«-g-« 

jLS' Jlii ; CoUjif jjX^jJl 1 g,>.„ i ijJLlj IJujI ji jLS' ^^Ij l t>*V.J^' 

^j (__j-Lw»j t (Stanley Cavell) LiLS' ^JjLl- ji j_a (Cambridge) 

.j^pJL^Jl (j-J-^wa ^ oji'j-a J L J | -^ -^ <• (Berkeley) ( _ 5 l5jL; 4~*-obr- 
oUJU-^Jlj (3^U-SlL Uj^ lij— JLi jl5 ^JJl cIJla jilSj 

j J ./? o jlS" 4 _>ollJ *^J dJLlkla T^lxi ^Jl \~0 J> (J-^tj t(\a..k:,.«>l) 

( »a?Ti-l3l o\S chilli ^5 1 asLvsNIj <•_$-* j .(J ,)-«<?( *> *-f*cJ^j j^i>cj 
J3j .ivfliU Ao^xj (jjLSol ^^a^ui; ^^Lc- ajv> Ij^Li ouS" <_£jJl -^"jJl 

^iS" Ojj-?-l s-liJ^/?! jJJlC'Lx 4 o^^vjjl tiiJj S^j-^wa p-J>j Jujoj 
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** " t- z 

[xiv] li-j_^>jj UL»_p r~^l f—^- 4 W-^'i ^^ irt ^ (*-*J t JaJLs » , fr.', j o«_jjI 

( _ r _.y jLj _*j i, (Columbia) L-^jJj^ ajw\s>- ^y (Ernest Nagel) 
• J l>yr iS^r^J 'P^-^*>U (j-Jljj-S j-r^- 4 j-* (H. Pierre Noyes) 
^ t^JS ^ ^yu> J^p U \j^S j_$JJl (John L. Heilbron) jj^JuA 
^^JLiiijxJ LS' o_u>-j ^Jl a_oj . 4-»..ig.^>JJ 4_Jl_gjJl iJt_^jJl ^Ijlp| 
ijjj^j) iUxp*>\J L~^ cLLUI M ^J\ Ml 4^ Ijl>- sj^L. ^"U-I^Ij 

.L^llSO aJl^UJI iJs>ji2>wJl ^Js- (Jiljj UjL^ ft-^Jl 

* ft t- — 

j-o^Jl jlJJLa ^j-^ ^ij— < ^j^JLa JJlo Uj^lo iijL*j jj> J^" ot 

1962 ^l^i /J*Li 
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^jjloll j^-i itLadJLA 



(1)1 AS"1^JI ,V>J .,. * g o " <U*J l.,,.g."->- 1 4-^jL»_a JuJj>- ^^JLp /J—^ J-^ 

UJ*L>- LpLkl Lulapf l$Jl jLJ ,yu. « Ml ^ 01 LjJjU^. .odJI ^ 

.4jO JL>iJI iull J>*jjc\\ L>c— J! /y> (3-^~^ /*-*■*■<-) LaLoJ v_iw»s^> 
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jl ^1 ^j-aJI ciLl; c^^JI U> UU- cJLlJI J^r- ^J^ .A~JbJl 

JL_ij es-lji iaUsLlSIij t L^jli (__~iS\_)l oiji Jij .if J /j^cJ t l-^t>---u<9 
^ 4^_i>*___v^Jl 4_*_>-bJI oLJi-Jl 4_bLv__> ^A <L»_UJI «jfcL<J! jj JjiJl 

4 ., tf kjwoJl CjL-L^_«J! 1 fr.,)l lil../? a <U-^jJ_oJI i__^__>Jl pi j.1? n-xi *-«->- 
jlSj .^_j5UJ AjjiaJi oU_*jcJL oLk*^Jl dlU -_-jj J-XP ^jCLwJ! 
.cjAsjj Q» ,, aj -£u3*u jI*_<JI 4j__^_c- ^jUJ li f%-Lx-U ijj-^J L^5L>J1 

oL^JaJlj *5lijJl {ji ~4j>yz£j> j& (rJjJl jl Ls-'^-il li| Li I j->P 

( _ r _»l_>_J.'_ll cLhJjl s-LJl-JI ?t~vaj tOkljJl <___~xJl ^s 4jU->~- t^aLJIj 

^ y?-l jl _-2jJ<-> /»! g -'*^ 1 C L«j3_>c-4 jl L>r-^-L> L-*__- (. Jj>cj /— pL-J1 
-_JL_aJ' *lj^H A-J_^P ( _aJL«Jl jJaJl j_w2_>j .4_v->L>Jl 4-< j la. " .oJl dJJj [2] 
<-_iJj-> (_$JlJI_j C j_»J >_il>j-J M l£JJI jj_>--<Jl ^H t Lpj^u>^j V.- 2 ^! 
;_$JJl j-oJLxJl pjiJl *-L*-!l fHJ^ TV'T. L-> ■ j-JUo-LxJl ii^t/Jlj 4_jJi_J| 

jJloj .Ig-^'y o-*j-o ^1 oLiJlj -JL__Jl frlj^Vl JilJ J^-o 

jl 4_J_C- CA^L .'(^ki .,j^L*~Jij y.".<> g.a IS ^JLjoI Jji^-J (^-g-*Jl r-jj_»jl 
4_<J_C- 4-iJ_>- J_> plj^-l jl iJL-__Sl oJu ^J-P *J (_$JJI jL-jNl .--X>-j 
i (_£vi-l 4__>-li [V°j .-i-U_> J j ;/■>■>■ jLojj i 4j Js-J j . jjjlij u j^fluw 

ii^t-P 4_J L.J tc-U-ti-NI 4j_-j_<_-_^_o f-jJluj L-Laj jl 4_JlP <--—>-_> 
^yaJl oLjiLJ f-j—^l Jl/H C-ow ^J-Jl dlilj^Jlj ejjJ2_--.NL; 
tuilJLftVl -JL* J_JL>*_J 4_>_Jl ^iS ^1o-_j itJL-Aj .c_--j-J->JI ^^JuJl 

oL^j«_a9 /»jL*-II (_/=•- jj-« jj- 4 /LJ-* j-*J ^ Ilp -^ n-ii-!i «_oj 

AvaA) jJaJI jj^sj zi-gJ L^-*J ( _ 5 ^l i_ajUi JL /»Lajl (L-^ ■«* o Jui^l» 
jl t^ljj>-jl iiLsi'l aJ^jjo /j-Ju>e_^^ ^ ^ a./^ jj <.\jaJu^\ Jij .*-S"l Jul 
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-*Jj l\j^S- j£\ 4JUI iil^Ml Its ■]£■ 4jU-M1 (U->^J C->tJl AJJb 

IwU^jj _xj /y> Jjl »■& tV'J ■ jrrN~*^ ' S*\ >— *l«~^S1 ■*-> ,£■* ■ ' r""i «^ 
tj^» ilL^Nl oJlA jl) (t-f^» (Jf^ ^-^ ^LiuM ^J-riJ ^AJliaJl ,taJL>- 
(Jj 1 Ja /^C- *_L*J! jjJaJLj 2 Jjjj» .<^-,Js> ^JsLs-Jl f'j-JI j^ t <U?L~^) 

(.a^s- oijJl ^j .(_^ji^Nl Jj<j oJl?-Ij oIp1^x3>-Ij c-'liLl^S'l r^j-" 

j^i*)^! <u„jj lip j^j^LJI ^UipVIj ili^MJJ (i^^JUJl)) OjSUJl 
JJ.P 15L*LjJi!I jf^jJu *-£XjLp oatajl LJUTj . «4il^>-»j «Lki-» 4JL 
■y> liJJLJ tAjjl y>Jl l5waLuJJl j! ' <ux^>- Am I *l~»_~xJl jl j»,.^jl 

Ul L^j^S- i \$3 ~J (. ry> j jj t i>oLi C-Jl? ( JjI (V jk Ji) ot^?-j jl 

jJajJl oLg->-j /j-o j-^Sl (_5j-JLJ1 5-1j_»JI o<_wJs ,*-w3 /w» jl 'U^-Lp 

jLojJl Lj-JlP Lap l _ ;r Jl olJUIj*-<Jl aJUk oJIp b(j .x»j_J\ JJjIJl^JI 
4 1? ■ Jj_* Lgjs-Ljl \_>_^_> -JaL^i jil jl all_*_a 1.1 g i (.j_JaL^)(l <LilL»j 

j^M Ju*»jj L _ s i!l Lg-^j ^->L~**>U Lgj dL^^jJl d)_^jj ^-f- 1 ^ f^L^Jl 
0j5c-~j tiJlj *-§->■ .'^ LJLp c~po li| L*J^ .<u_o_L*jl iiijj<_<Jl Jj 
cjIj^j«^JI *_* UUj (ji^j N ol-ULo^ ^1p l»^JL> *-L<Jl jl k^z}\ 

jUJSx-l jl j^> 5»-ja-«_L! J-J Ji t /wJjLjJtJI /jJ-LA *»Lalj .# j^JI uJ Jwl 

[3] oU^ iojJLill oL^kJl -UJ M t^lJ-Jl ^-jJl ^yj .^LiJl jLiJl 
jjlaJl jLxpI i_jw2j 4 iili LjLi-j .LgJ>p ^LJlI^NI ^j^^J ^LJLp ^-p 
uJ ( J>jj^)_ <_£Jul ^^tljjcJI 0_>c_Jlj .^_?ljj "U-Lo-P ^y>--A — »J_joI 

<»jiij (_$JL!l 4jli jj& tii^^jjJl oULi^S^lj cIjLpIj^-NI J.,<aA cjLjj*^ 

Lfcj—p L^^r ^r^^ f-^'j-^' *M-*- p Jj^*" <-4-w*-p iljiLlJ jj—«Jl UJ 

.Lj^jJ aJ JLi -t-UJl ^ Aj^jiil cjUL^^I s-La jL iliip^l 
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oLw) <u>tjjlj ijjj l-^J-^ oLa.t ./?Mj ijt^-iJI oJ-» /^p *>»j J^j 

cjj^ajj -(_^J^I 4-Ls-lj^ ^ Jljj N 4J| «_» c-JUJl i^lj^ JUr-a ^ 
«JjJl>- JsLoJl p- JaJ f- J jA 9 -*> L (jj-LxjU Lo .^Pj Oji jyj 4^**jjJJ 
4J>*Ap Jil ^jJ* <.4j*lzJx^> ijjjJaJ 4-^JLp Js>jJa_>- a^Xjj ilL^Vl jj^o 

j^JuJl ttUi SJu^jJ Ui>j^ Ij^>jlL jl OjJjI^j caJL>JI Lj^iiJ ^ 

jjp Sale iik^Jl _ jJiJt if>-j J-* s-ljNl diij (jijij ipL*>Jl lHJLj 
ojU-j^ ^^aii pIjMI dLbJ jijj ^^Jl _ i^*jJL>Jt *-L«Jt jJaJ 4^?-j 
.ix^J&il ^j jjSC^j U c_jyl j^j L^Ia^j ^^Lj-IjJI ^yikuJi dL*L>jd! 
_^j- l^ii*j ^Ij ttiJJi jp oLU ^yJI olx^JI JLpVI JtAj- ^j 

JlJjLxJI ^l ^»jljJI c_jliXJl oLiibwa aJj^- ojta (^JlII apj^JL^J 

.jvlnJJ oJjJj>- Sjj^iS <LjtXa| o^t^S 4^.3 21 .b-dl jj ' i^f* t4 ~* t dJ^' 

.aJjjL>JI 4_JI_JI AotujuJI j^cjuXjI jam 

tJiNl ( _ j Jlp LvS^ pUii <_^ww»>cjj cVjl ?i!jUwJl oJl*. (J^^^^j ^y 

A^s i^Jllaj (_5JJ! jLJVli .A^JbJl aJlL*>VI j-a SJjJ^- f-I^V e-L^jj 
J5j cl^J SUU- OjiC cS-^'j <.aJL*-^JIj aJLj^UI yoljiiJl ^j^ [4] 
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ciLLj jj j-*j .L-Lk-^a aJL^j^JI _,_;-& twJLxJl ^-4 .j-Lt- jj-4 (_$j^>-l 
Juvs^j ^1 iysUJl TyUJl ^Ji^^j jl A-Jl50>J l£-jjJ^Ji\ c->LJlSlx>'VI 
^Jl ^jIjjJLj t^^s-l i^j^-o Jj^^ <_^ aajLJI ^j->^-; L4JI 

'W?L>J| 4j|-LiLj<_» oJLoJJ (_£jJl La-S .^>L>eJl olj-C-Lj i 4JL>=_J J_^J>*j 

I4JI ( _ ? Jlp 4jJc><J ^Jl 4^j,Ul eJuLx^Jl EyfcUaJl t_Jlj^- ^ l°j ?"^j! 

^Jt t<Jli<Jl ( U-*' (_^j J^' '-*-* i>* *J^I j-^ ^J^ ^i ^^^j^ 
jJi^J ^JjSfl j^kJI J^ jf boLL. t L;U5 ^ ^bJl J-^iJl 

4_fli T/ir-o-M olj-iajjl jj-a >>J_P ^j J_^»ljX/» ( j^il_Uj OjJw«J Aj_L<Jl 
/—j (3jWJi J y j^i rt-Jj .Ljjij Uk^*^> <U>j'a1« jl t /-waJjol ?i^^J'j 

tilts' i\ _ £t^Jw»Jl (J;; la." ^ ULii-J 4_ib->t<Jl Aj^SCUl ^jljujl «JL& 

iLLill j^ (JjJaJl ojpjJ <_9j~- U ^» 4^^, olS" LJ|j _ « ( _yjLP» L^iS" 
JUt* bJi>J jl U^Jlp L <.L^5U-> aj^^iJIj iib~!>LJl OS ^i dLi 

Lo_g_XSj .~_L*JI ij->-J /»J-*Jo J(Ij t<U ?-4_o_>~w4j| ^a-LnJI JuLL*_«JI 

<j-*j <_?* '(j^*-^ cy"^ ulj>i - ; - a J^ (V oJjj^JI olAiJt_»Jl A^SwJ ^ 

,y JU- tit Jju M ;^jLkJl j^^jJI di!i JL» syr j jl ^ 
jji jj-o Lg, ; ; ^ .» I^Jls- l^y^^^a 4-^jLw^ a_JLSL<>| ( _ s JLc- ^Jljjs-Nl 
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?r. ./>" jl dJJi (_j^*J N L»-^ .Lg-«_PJJ ^^A IOIJlAXa^JI ^jA 4S>j-*^>t-A 

^^a U : iJLJl iLL^Nl Ala ilL**l ^p ^^j ^-ij-^' <Lw_iJ ^^JbJl [5] 
*_aj L^wj La ^ LpLLo' i_ LSj ?j^£-LJ iiJj^JI ^L^L-Nl >>L^>-^I 

Laj iaLv^-^I ojjk J.P Lp-jj* S-j^LxJI ili^^l ^yt Laj ^^l^pJl 
t^A t(L^JjL~j La jl) Lj^-Vli ^Lglf- <U_4^-I (J I J_a-/3jJl oU! ^yA 

aJ J->*JJ ijl^oJl 4^.jL_JL) v_Jlkil JL*J ^Jl Ajjj^I iilJuJl ^i JjJij 
^iiij' jLs tiajLv^j <L>_^» "*-?f lT* ^r 1 ^' ^" *Jl <{ -°-'.J -U^ J**-*-^ 
T y~i W^.^J '-'IJ •i« ja -*-* J ' .J-i*Jt ^3 (j-*-^ ~->L> L^J jjSo ^j-^ *' 
' ^ ../■»_! L^S t(_pL*jl ( J> 5 Jl JsLLul L^j a^w (Jul <u^L>>Jl os-LiSol 
^J i_pbdl j^-L«Jl ^jJ^ LaJi^p (y^3 .cJj ^ I ^ aj-j— < »L>Jl 
di!i 1^*^-1 ^Juaii iJiyJi t Lobs' -^a ^j^aLiJlj ajIjJIj oJLil! J./? ail 

^3 t a jJL J i<JL. bJI tJLs-JJ -^2_L->c_aj \l A. i /V*_w_a 4_jl_i C^_>s_JI 

C-JjJl ^jij .i~L4_0.ll A^OjjJl 4Jjj* J-a ^.fc L? J| ij^X-Jl oLJ_*-<JI 
c LgJjj /y> ,^_U~j jl (>_U_>*~'I /i->Lo-j jL? I->1 L»_c- Jl_«j i_Sj^) i <U™-_> 

wJLj 1_<2jI «Uj C li J-^J ^lj->^Ol . ■/-»'»' i (jl -iJJ iJUj p-PJ 
(ji LLw2j4j Ljjj A~ojJJ^»< (_£-JJl yNi jJkj t j _yJUj| j^kljl <_£» f*-^ 

^JJI iLUI j! t ^l*il jJUJI jl .^LtJlj ^LJlj ^iUl J-^iJI 

J^a (. L^S jLi- )i 0ji_^2jJ 4 Lo jAi f»-4^9j (IS frLJlaul jviajta t—S^aj 
(jlj .(V-iL*Jl Sjj^J ^Jj-«J ^^aJuJl Jj>tLJI jL ^l^iMl ^^1^ 1 - "t W ". a 
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ULp Jl«ju Mi" t_pL*Jl aJuJIj .(JLp- j^io jJj l _^s- <. {Jr i>\j^ s i\ dJJi 

JJiJJ ^^>Lj«J| iJ^-St-Jl AjCwJa jU t^ljJLp j*c£jS \Jl^j> 0UI3JNI 
UU?-I , L<a>o ijuj .'UjjJs > SI«J L«i »^v lit Jj-^y (V "AjJ->=j1 .SsJljl jl 

j-pljJiJl ^ 4_L>- Jl^j ^JUI f-j-Jl j-* tj,\ tioLc- 4_iL*w« ^..^nj jl 

US' I JJ» ^ Oj^ScioJlj ij^iJI oNjU^Jl ( _ j JlC. tAijy^l oLLjJIj 

[6] ^_p-j j^ LLilS i. "two xiyuJl (U-xJl ^ t(5^L>Jl ^w>^JLj (J-L<c^ 

t(_$^l oNL*-j Cj^L-JI oJla ^ .ojjioJl oNjUtoJl /y> *-&J>\-> 

(_gl _ (JljJJ IJlA llj-b»*-> LjJLPj .4JL>^is -jf- tjplxJl jJUJI J*>L^ Jj>^ 

<Ui_^U_S! ^P ^jljJaJl ijljj /^ oJj>-Lc- A-^JLJl ii^Jl ^aj LoJJwP 

ioLjIjjlNI ^ o-bj-'^r 4_pj_w>^j ^1 5_jL_g_Jl ^ 4j_^_<JLj ^JJl 

A^^Jj La ^yfc t^L^JI oUlj^Nl ^ J-?^\ ^^ \&b.*J ^ La>bj 
JjJl JaLijJ j^JuJI »_oJuJl ,_yAj .<~o-L>Jl oljjill oJL* LJjU>^o ^ 

.jJUxJL; JuLjl (JiUSl 

LjLs (JJ .cjIjjj c-->-<>-~>' Lo ULi (jJI t *-Lol jjJsj (ffi bjj ^ .t o '1 
*u»;jjj| (J otjJI JsLii -JiLkJIj /t^ubJI /jJi ./?flj I jJ 'j't^ i'! 1 -'^ ^J-~" 

Njl ^ r aj>^JJ vl—^ t (Einstein) ^LlJLXjJj (Lavoisier) A—jJljj^j 
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4_JfcL» ij^j*- *i"IJ-»- Jil oJjtj .4^_oJl*Jl oljilll 4jt«Ja ij^Lo AJL Jajj 
j^ cJJj ^ jL^i ^'i OJLS' 4~*-Lp <4jia-J o^J cr*-^^ ~b»iJuJi 

JlSLit Lr JUJl JL^JI J, \y*l Lfu. ji" ^J^l JLij .iJL^JI 

^1 oVjU^JI ^jc«j tc^ljJcJl oJL* Ji» oj. .^yJLJi JsLixll i^_>^ 
.i-Judl oljjiij oj^^Ji ^^U^Jl t^iljj tUU- L^uslj 

jjj < L .i.. J .JLj .U-j-^j Jil L^Ijjjj C-JlS - t£r=-i aJuJLP i*L>tju>-l i~»lj.J 

LiJ? L^jLLo oJl£i t^ljL^jjJ <i^*J "^-ijy <_5>--— *-; (Maxwell) 
^JJl ,v~-^ ./?v>-^M rf^-"-; sjJ>-a^ jl5j tAJli J-*-«-j! -ij ii«-~)bwdj 

AjjJiJ! OJj JLii .^W>L>Jl *-4 Jc-IaS" A-iLk-La oL^JalH jJJj C—lu» 
^y ^ ^ jkJl Ju^i- iJU^ V ^i tdillJ .^aUJl pJUU iiUl 
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[81 



«il_^l (V^^J S-ilplj tlgj iJLLJl 4jjlg'.ll f-\^> eilpl (-vi^J AjjJiJl 0J1A 

l£*l»Jl ( _ j !Lp jJtii LJi ^j tiJU-b ^jjjj <LL-£ *S£ liiJij tjjjLJl 

V ill* ^j .SJLp-Ij iLJ J dUi <1>j-£j M Lx-kij ijO^jL*-; J^>-j 
J>«JJUl C~~3j^jI ,J OLijj*-^ Ij^j>-Ij /-3~jjV»JI jl ^3 <ul ,^ Jl>iJ 

.^j}*-* Ijib- lf)l Jp 
i^JuJl tloljjxJl LftJb-j ( _A o_UJL>Jl Aj_ r liJl oliULX^Ml 0~<J 

jl .j*^ioL« J LgJ <l)j-^>yCj ^iil ( j : -w2»U2i>- v yi J j^ If! ^jJI 
^1 fl~>-Sn £ljjf L2i aJbJ N ^.sUI jJUI ^iU; jJl oUjd^i 

C 4j«^»lj <ul3U^J (wJJalj S.XS a-Xaj \j^a ?yXi_j .<ui C— J .Jjl »LwJ- Jjl 

5-^Jl ociVl cJLiiSl ji t v r ox^5j^l oLSjS'I Jju liLi^Sl jl ^j 
OjSL jl ^ dLi Nj .»JLjJI |viU- jLSL- Jl \j^J, (-a^_. N 

Jj>JL<J| J-jaj LJLi Jwa^j ^ IJla jjXJ t^^Vl J sjl t-iLlxS^U 

L&jj^aj k^-*j Jj. X*jtJj 4 <u JlJ-OI <u^j _>ti)l -ji-llJl « a." '. j ^> 1 1 

A5wi <J_*jO| eJLA (^jjs^a Jj 1 4.L Ja e-LoJ t LfiJl jJI j»L-w»-t>U 
ijJIjJl iLisJl C~~Jli . JUJI *-« LfJM>- J^> J-al>Co jjJl ijjiiJl 
jj Lo XJjtj /P"'' 5 L»-*5*^-J f-Ui^Uxu C /■ <"\ .,r?tf". a /~lJ_*P 4jjJajJ'j 

5JuJl>JI cULLiS^! J „^ a 1 JLSGl »-ljiJl J j .,<? >- <.a.*-aj t-JL>Jl 

.4jjJaJI (_£jX-~0 Jp jl ^-nSljJl il;i>Jl £y^~Jt i X& *JjAj>r}\ 

Lj ^JUl j j ./>,",) I iA <U«Jbol Olj jlJl 4j> : ,k;l Jt«iljj| jj ,,^"'1 IJjft 

jj..,r-?tJI cLU.5 «_s^<jj jL 'lij /r^J .4-JLjI c^L>t a^aJI J oJj-X>o Lj 

l—t^J /^f- 1_jJJjJ)1 /J je-Jti t lLU^ ,^-oj .^jJL*JI 8UAJ "jjt J-jJ-i 
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lLLLo ^j j-^—j *—»' j-JI jj ■/?" II Ajtj>tj (ff^-il (_r°J"^H jiJ - ^ 'JJ-' /P-" 
cij^-u jjJl <LjL£J| -^ jU<ai>-L *_1j iaJlaXaJl <LxiLuJl jtj .^-ft'^t 
A_jiLa-»JJ LwuJji 6j_JiL_« 4_JLJI 4_*_*^j| Jj),ya.«.)l -i 1 g . ...->!_) jjJaJ 
^JbdvJ 4jjL>»^Jl Li U I .^LJudl oljjilij t_pL*Jl *JLaJJ ^L-wJl 
^^^J cj-Lp ^.jUJ! J-^ajD! Lai .aJUI 4J^I Jj^JI UlJ^I 

^iUJl ^^o-UJl JlJLcJI ^.p ^^^iLuJI ^ Ljj^Jl 4^iLw*l! LL^j 
iaj^Lj i^^s^j L ^l\ aJUjJI ^jJu j^i .Ju»L>Jl JlJJLJI fLJlj *jJLdil 

cH L?*^ ] C^JL L^Xj^a ijjJaJ ^ J*J j! HSj-P-L j! 

.*_UJl ^p ^oUJl bJj_^3 ^ ii^JLJl iw_oJi5cJl jl (ji^xll oUI^} 

uT^ i_J\ j' ^J?-^ CJl^ Aj^iaJ ij^J (_^i l^-** cS^ ^' O^i <_s^' 

=* p p 

A-jjLS j_p iJlj_*Jl j^Lp dJLiJl 1 ^g oil ^-^Ja^. J^J-lj •t£ji>-\ 
AJLiliJ ft-^Mjj! JojjJ-!l ^-jl-lajlj <_£j jilt jj la,: il j^ 4_a**}L>Jl Jj^a^- 
y ^iSI Jlj^Jl dUi Jj-P 4jU-*>U oJlA Ll!jU^a AJliJ j]j .^^oJjdl 
<_£jJI ^aJUJI Jl^sIxJI ^2jLsAP- ^J] -L ' - T - m o t(_jl_a>J <Uw~oJl Jsjia>Jl 

.*^jl iiLv?l <U*!j,Jj Is LlxS I <_JuaL> ajjJb 



IjJ^Lj jl5 IjJj-So 01 Jj N *lyjJ! (j^x-j 01 A-i *_oj M U_aj 

i^jJlgl^^oJl <_£^5vjjj| Jj>JI Pjj ^i ^Lj-ejjLJl iL-ljjJl ^>jIj <LjlSCaj -^P 
L! l J iii iLLiuJl ioLiil jlS\i\!t J-a ylj^j J-aLS jlj>- iJLaj .La 

LS LJLkii .^>w j^J ^^J-p diJi ^c- j^-*J iu-ljjJl dJdJ Jla j! 
^>IpI o-^jlLJI jlSo'yi jl ^^ .^ijjt^Jl y j>liaLJ ^tjjLxJl j} Jj-2J 
j| JjiJl (^a-w?lj .4_»jLo«_a LjL^-Ij <, <u j-z~~-ij jLSCil i^J-pVI ( _ r Lp 
^jpLi^-MI (j-iJI *_Lp jl f-Uj^-Ml -_Lp l jaJ>£ ^yU^wwo -^o jrt >iSJl 
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^1 gSliJl ^ JJJ aji* Ji^l Jl* ilL^i idJUi *-*j ..UjlU 
jJ^jj .Si .jv«jI AjjJaJj Ji »' . aJ I «J_c- J| Ljljl5J (C^-^J W~i l -^-~W'jJ 
__r^Sol j-JLill t_^ij ^sLk^JI j^- w a j jL SJLLwJ! IjAoj\ J -xIajI J ( jJI 

Jj_L^ is_U- ^ ^U ( J rr o^P iiLjj! <ut ^ jJLil dLJi i-i-^j-j 

PI Lw Lftj-ui-j o!j->L>jlJI oJu& JJLa ^jJ-p L>j-^i o-JJo ^^j 
ol^wJj tcJdJs iJJ .L^Jjij L»b_*_a iijil Ldi ^Jli iLg_JjUL> 

U li| t Lg_>t L yj>J^b\ OJJ Uj (, 43jJ«^Jl Sj^.lfll SjLLOl Lg^v^-I t Jj X& 

L^jtjj^-*y Lis^ji^o J^L^ L^JLi ii_~A<loi jj>tj Jlp L^xpLw> c-iJUpI 

4 . ii h : a CjIj^-oJ /j^o *J ( _ 5 -fi -Sjilc- r^ 4-LxJLo i_AJjj L^Jl Oj-g-Ul 
Jj tA^oJLiul SijjvcJl LjL>sJ' ^JLAXj (_£Jul p-jjJ! /-a iSjilXul <Lw>r_gJw4j 
4jj_&j_>iJI 4_>j^>- 21 4_Pj_o^>,^o "-a IJ^tJo i *' V-?"' /»* OjL^C- (ji/l jwLJ 

sjIaJI dili' jli tdiJi *j>j .LgJ S^LJI L^ut iii**Vl ^J*. l i xAJcS\ 

jj^ljJaJ 1jA_a« Oj>-i <jl rt-L*JI f^jLJ dr^-*^ ' ~^ •<-f > " r-*J t — J -*- ; rj 
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II 



IpUll fdbJl JJ fejlah 



^ tJ^wajixJLj coljL>cJ^/l dUj JJL* ^ii .sLaj 4ajJ|j .4Jb-">Ul 
Lg-jl a .„..la" A5 j\ J^>- /,_£ aJlLo! \~ij.,j> "j 1 4Jj_;_4_*JI 4_>jJa-Jl 4-Jo 

oljjtjJaJl v_jb5o .iUL-o ^J*j ; jj t "■ " II <L£L^^l£Jl ,»_L*Jl t—^ 
t (Ptolemy) ^j-^-J W J Ljr )i...9?-tJ\ <_ iLSj t (Aristotle) jJa.aj'J 

»As> i_jIxS"j ;4_jjlji*>U ^L-a-JCJI t_jLij t (Franklin) j-Jj^JI^ 
^ (L. ^jJj ic~.li SfUc! oJl5 i(Lyell) J^">U L^J^Jl 
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.-Jjtll djy^> /^JJ<juL<J! j^ ii>-}Ul JLw>-S/! L^~->o J-wcJ iJU>cJI 

. IaJjJi>o .}l_*j ^xJI /JjtlJLjjl /yj SJj_L>- 4Pj^>«^J o*a>J1»JI 
jj-4 cJj— i_aJl aJJLa^I (jva-x-j jl o^-So 7-jJs ^j ^--^J a jW-^"'-iJ 

(, ij^JajJl j tjjJLiJl J,o..,t-" iilLsl ^-Aj - «uL«_«JI 4^a_L«Jt L^jL>_^Jl 

i^>cjj JLjLaj l^P jJ-v2j 77^^*-' fJ-SJ - CjIj.5 21 JLojCU^Ij t jJ^Jalllj 
I g a ..^j> ^ill dDJ ,jjji ^a JlJLaxJI s-Laj . 1 , 3 \i ', « iJL-oLj^ ( _ j _«_L*Jl 

WJ^ ^b •l'J^ fls J t( (, i^-j^Jl oCj^aJlD jl) 1 « ( _ S *JL1~»JI oLj^aJl [11] 
L«_« i ygl . /»"^-l -151 jj* Lo_o L^> ...'lxJI cLUi ^i Lo_i t c >Lo_*-ol ,-JI 

^y> j^jjlJUo ^ji J-»-dl J^-Iji Ij^Jju jl5 I_^j15 iSLa U^UtJil dijLL~- 
t4_i^*AJl 4JL-»jU_« j-JJ L>_Li iJJJJJ 1 1 4 .^<L> 4_oLJl oLkJtj^l^l 
(jj-LlI ^Ut-JiVli .j^JUjJ ij^iL»Vl £_pL»JI d_p- iijJSi* oli^Ai- 

j^La^j ApIj^j /— < ULui Ojjjju O-iwJ CjLa^jil j (J-^ ,<- ^" > tJ f J-*i 
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^J^i\ jU^Nl AJiiu bU r^* j^l JI>JU .aJL^I Jl c^; jdl 

(_$Lj id LaJu^stj /*£*j jc-JI JaXll oLg^-jj oLJiJIj /^JljJiJIj 

L*ijj Lik^> L^LL>J ,j^-*j *>^» t^JUJl j^j-.W ^j^ (_gJJl i JUaJl 

iLu-^l oAa Jju ^j£- <>j>- y )l\ jl <^LLz£j^* Lili <. l ~u>\J-Ji\ Justf ill 

j j .,f?'. ij l(_£.iL*JI j«Ju<jl j j i irf" Uwo-^-AJ <L^uL^>l jaJ>JL- ' t Lg-ijUL Laj 
,J-£ XoJiAJ c_ij_~u 4jJ-> ->*j° JlSl A-JLsLw-J j]j ,4j AJial _*J1 CjLoJtjiljJI 

(_$j>^ J oLaJoil^Jl ^p j! ^LJI rt-LJl jj* aJLL»V (JjLJI L*j>^p 

dUJ ^ ^l'^ JiSfl JU JL~ jl coLJ^LJI ^ JU- t^-Uil 
.j>JuJ U J Lft^i JLc L~>- ^315 oJuJUJlj i?w>ljJl oLoJuiljJI 
a^jj (_5JJl LL*^ jiS"^! iJu>=Jl (J^j fj p-v.- 5 ^ J^ Jj— =2->«-ll o\j 

. Jjc» ^jJlc- jlJU« <J J^iaj J Twiu ^Mp if] yfc jl 

i_5 2 ^L^-LJl 4i^-*_<Jl cr v=»l-« Jl «*jrlj^l ^j-»JI aLc- L* lilj 

4^-Ijj jl Jx^-jVl J-P «uLp jjSw~i k ilajljXaJl ydljiaJl -ys ipjjij>^ 
Jj L5" C 4_jl_)J-jaJ I C-» Li j. ■/?,.., II r»-Lp /"<4jL /_,_•» ,«,» i /w* LjJLj Lc-jJ 
[12] a^JI i^JUaJI fjuu ^Lj-jiJL ixLcuJl A_o/jJuJl t_J^Jli .La aLj-j^i 
<CS j2- <C-oS >L^v_>-l l yjt (_£l t CjLJjJ jj j-o t_iJj_^ i-j~/> 'I jl 4-><aJ 
/»_> .C-<L»-w-^>JI ^'Ia> j fJ&juj CjL>-a^)JI ^ajl .,f? •>■ t Js^-^i «jl«Jo 
i^LjJl ic-LvaJJ Loij jl ij^JiJl oJ-As i^-^^ j^ju^jj i«i^>tJl ^r-H; 
i-iL-yajdi IJLa jl ^i- .^_3jJLJl LjillJN L^LvjI OJ15 ^iil aJ-^jUJI 
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i u_Ji-5i IJi* jQ j^-li t >>.' j; "^~>Jj (Planck) lL1j% ^JUJl Ju ^^Lp 

i-^LkJl t(Fresnel) JJjjJj (Young) aJj-j (J-^o-JLaJI oLLlS 
^j>-j^j\ AjjJiJl ij-^ (*-Jj -j-^ >«-^lli( Oj-2-il AjIj\ ,J C-iLjj ya JL 

J^~ (jJJl ^y^ *-5L«-Sl »— >L5 U jij j-»Lp j-»Ll!l jjJJl J">Li«i 

iJiJjl <, s-Lj^l *UJip -X?-j Juij .iiLa oU-~s^- ^p SjLp j-* <=-j-s^i! 

Ajjlo'. II s-LJup 4i_*i JjL>«j (»-5 L« j-Aj caJL./?H ^L^^L L^U,la.,,^i 

! (1> jsljSfl Vr^t 

^ J>-\ ^\ *Juil^j ^ jp-'^lxJt JUiVl iJ^p jlj ti^JLp i-^ijjj 

jt-LaJL ^y^U-j! <_£.ib«jl ^jjJa^JI ia-o-Jl 4_)LL<k_) LS J> ajjjJl ( _j-J_ r i' 
jl*j (1)15 <_£JJ| Ja-ojJl j_ft IJLft jjiCj -J t JL~ J5 ^j-U-J .J-oJ^CJl 

.L«^j <_£-XJl .vLxJ! -^ji ^J ' (V j^ (>-jL«j1 J"*-* 1 ^^-^r - ' <_r^ o^jiil 

j* Lvi^pj .f-j^Jij] Ajt^Ja /^P Uj^P iJj^JLa IJj>-\j oJi! iT^j^ ^~fr? 

i r ^ J Ji}\ ^jlJuoJlj 4_~iL^L»J! ^jIjl^JI ^0 ^Jlp iHjjs <jL^ cdJJi 
j,k,..^jlj (Epicurus) jja^I 4jL»%iJl oL^k ^ ^1 j\ 9yS SJuj^Jl 



Joseph Priestley, The History and Present State of Discoveries : j lj II (1) 

Relating to Vision, Light, and Colours (London: [Printed for J. Johnson], 1772), 
pp. 385-390. 
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(_$Ju>-l cjj^sA Juai .(Plato) jjJ?tAilj (Aristotle) 



(2)r 



JU (_$JJl j-Jij t ^LjLij^iJl oLj^aJU jt-ijil^j Jjl (jjj^J (*JL«-Sl J-<wJ 

ft " * * 

^Jlz <. ( _ ! ^L^ (♦JlxJI L ^*-*J JjJjxJ (jl (jli liJ -^j-^ Uial^o ^_^i 



Vasco Ronchi, Histoire de la htmiere, traduit par Juliette Taton : j U Jl (2) 

(Paris: [s. n.], 1956), chaps, i-iv. 
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i It 

jJkljiaJI jl ?*_*LwoJl JwO <Lpj_*J*i_« ij->-J f>Ji-*J ciJJjJ I L L - * «J l"^J>- 

ft. s. «■ 

4Jl L5 4L0LI ^i f^^l drf-*^ j-* iJlP <_s* ^J^" -l 3 -*^ ^^ J^H 
(_$^- v j! Ajji^LlI /»ji*il <iil t^^'j 'cHJ^ (»-l^*J' c>*J "^V ^^dj^' 

^j ,L<JLp Jj-wO jvAj^I^J ^j^I Sjj-aJI <_^^xSo jl JJ *Jl*Jl 

4_oLj F -jS (_JjL><J tj j^H /-j^JI e-LaJLxJl ^J_P LjjJJJ UoJL*-j CjJ-aU 

j _^Jj_p1jj.}j tGray (.sl^j t(Hauksbee) ( _ s -_~_Sj_* Jjj> <.L^-^» 
jj^Jaljj t(Nollett) oJjJj t(DuFay) <_£li jij «, (Desaguliers) 
S^JjcuJI frMjj» oljj-^aJ dJlSj .^jjj^-lj 'jrr^lA? '(Watson) 
jl Ol-^? /,_« ^j^r -*-«-^~ a Lf^ls _ i]j^sL« *(«*« Wd-*-^ *^j-£^' tlr*' 
J^pJl J5T JJ^ c^UT ^Jl 5Xjl5LJi . w^Jl ajLJUJlS c ^^1 [14] 
cjUj5L« ^p «jLc- cJlS L^K I4JI c dUi ^J| i-it^i; .iJlJLH L^LJl 
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L$-sA*-J L^i*>l& jjW"^ (♦-! [*-^L;j^ *Ji ^i '(_^i*Jl ( ^^ v i^ JL-PI 

e^x! il^sl -_j AjLJLJI aS^A^ i _y2JtJl 



O- *_Jl ^Jl co-5w>JI ^jLiJajJI CjLc-j-o->s_» j_£-L>-l CjJlp JlSj 
^jjLj^Jl t_ol>cJl ^yyklii 4j-1p *->LJl jjJtJl ^ ^w<JL*Jl A^ijLj^JI 

I4JI L»^ t^^^LjlSL^Jl .iljjj'yi -y> Lo f-jj ^P 4_«^>-lj <Jj-JU 0^-aUs> 
aJiUi i .^JaJwoJI cL^>t-Jlj <u£jbw«JI t <U>_o_o oJjj Jjis^j t OL>-jI 

i>cXJ tl^iLlxSl (Gray) tS^j* (Jl*-L! p ^1 ^yl^-^Jl J^jiJl 



Duane Emerson Roller and Duane H. D. Roller, The Development '■ J^\ (3) 
of tlie Concept of Electric Charge; Electricity from the Greeks to Coulomb, Harvard 
Case Histories in Experimental Science; Case 8 (Cambridge, MA: [Harvard 
University Press], 1954), and I. Bernard Cohen, Franklin and Newton; an Inquiry 
into Speculative Newtonian Experimental Science and Franklin's Work in Electricity 
as an Example Thereof, Memoirs of the American Philosophical Society; v. 43 
(Philadelphia: [American Philosophical Society], 1956); chaps, vii-xii. 

Lg^S' Jj>j _ r Lo I 5JU1 Jj-U lil t ,_)/>'■!! ,_yj 4JLJI ijliJ-W ^ jJJ^xXil J . ,/> a '.' U <L~~Jlij 

JS\ i_i-vs>j <JL=--4 ji-J U^-iJ jlla.-'.l ^j (John L. Heilbron) jj^Jl-a .J dyr ,jl~AJ 
Thomas S. Kuhn, «The : ^i (Franklin) j 1 \SJ>\_ r i ^J^^^ jj $ k ^s- I_«_vojJj iii 
Function of Dogma in Scientific Research,)) Paper Presented at: Scientific Change; 
Historical Studies in the Intellectual, Social, and Technical Conditions for Scientific 
Discovery and Technical Invention, from Antiquity to the present. Symposium on the 
History of Science, Oxford, 9-15 July 1961, Edited by A. C. Crombie (London: 
Heinemann Educational Books, [n. d.]). 
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dbw (JtA^^xJ j— o>^P- /_i O^LoJI J-iLjj| ifAUJ r «j IaUu (*-*4- 1 

j-p ajLc- c-I^JnJI jj. Jj-i!l ^\ cJL»i t IaJ W : » iiiC ipj-o_>s_<J 

4 LfijjJu t ipj^i_>t^Jl oJj& ^Jl^ (3-*i JJj .4-L^?j-9 j~f- >»L^>-I jj-p 
*Jj .^iLxJlj ^oU<jJl olyolii y iApj L^j^JaJ ^ Jt^J-^' j^-*l 
«ulJ- ^j ^A^SIJ) ~Jl*Jl J^P JM>- Jj> Nl Sjili ijj-laJ ^fJiJ [15] 

.4JU0N -iS^x^* (t J»jil jr u tajy Oj& " t j^-jL;_ < r4^1 ,) y Jp"^ 



o- 



fr L5 -iJl L_L*J lilj t^jjUl J-i U> ^\ ^jVl ii»li!l L^JUJiJil^ ^jj«J 

jj^u^s c L^^sAJ j»J oL v gl.,^T^-l i_jjj!j a.ilc-lj sLviJl (_jjJs> /j-p ouiJ 
.•Li^jjUl ip-jJl y 4.W0J otApl I^p /*^15C!I b_La_>-l ^^1 i_Aiilj-Jl 

<.<Lyb ^Jj-C^_gJI ^C- )?_. 7 l| JLwiJL^I ^i ^ -H-7-i.ul 4_5j_^l (C^-Ji /*-°J 

jJLi c (/j^ISjI J jl /Jj-j t*)^ ) iolj-1^- ajj s«a 1 jU><l^ /»-^u LiL^>-lj 

t JliuJl J-^v i _^s- iCxJj Ji i-l^U^ i^jL^I oliM?- l]Lo& jl (_^jl 
^Jl^jJ^-jI LJ a.lS'L^JI LjIj_«JIj cj la— ^jl J-Ji a_S"j^>JI ^j^ 
JwJ ^L^_;iUlj <. (Black) 2]*Aj J-J 5jljj>Jl «~Jj:>j t (Archimedes) 
JuJ <-j^ijUl Lj>-jJj^>J|j (. (Boerhaave) i_sLajjjjj (Boyle) Jjjj 
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_ Ml» ajIjjJI kJ\ jJS _ Ls-jJjJl aLJI ^^aj"-; ^j . (Hutton) jjl» 
f-Lu^l Jlp ^ aLJI ^1 Jjj>. U-j^Jxo Jlj^Jl JJi lHJA5 iLa^p 

^J)\ JjjiaJl jl /^P »jio U aJuL ^tjjllJlj .li*>Ual oLjuil^j C^-v^TI 
.JLoJl OJW5 ti±Jj>JI i!L~<s Jj^- iS^J^ (5* OjIj fU-^-J {J~^^ 

7*-^y> ^j>~j c^-p jl t j^Jtj^l jj iy>-j /»-*-£• <L!b>- ^^ii .(JjjJaJl tilli 
jjJa^j 4iL>tL<>Jl xjlijJl jJUJ jl AoJ^t^Jl ^yi <LJls t L>J<-o1 -i 0j5U 

^ti^.*-— <_£JJl JsLLJl j-a iJlj-sljJl ^Jj t—jyl j> LULiJ Jj-£j jl 
^j^rj f-^-p <JL=- i _ s ^> t tiLli ^s-Lc- »^Lijj .,J^^\Jl ( _ r< J_>Jl jj la:ll 

OLJa^^JI a j JL) i j j .,f? ?x-o j3\^-4-Ji >tjLi jl /*-«->- J j>^-^> <• 4-2j -*-«JI 

.♦J Lo tA-aLi L^L-JI *JlijJl ^*j>x-« jj^w-j .jL»_xx^'>U o^asL>Jl 

L$-*-aj 4 4jj^>tlll <Jj Jsj ; A^J>jJ>j\ S-LaLLoJI (JjjJ? ,j-P 4—1} Uj-s^J-!l 
tt^JaJl JJLa <U-$li c_i__ r ^- />-« O^LxJLww^JI ^^a^UJl oLj2_*_<»Jl ,y2_>i_) 

jiLvi^JI Jj>-I AS-LJLj eJj^JI j i j .VfjJLxjJIj t oLoli jj Jl ks>\s^aj 

(wi_^-iisj jvJ t5^b t4 -rH Jj-v^jJl j-^-*-d (_$-i-5( *JtijJJ sj_aL>=JI 

[16] /»j-Lp jj g lg <_^i Wjrr" 'jJ- 1 M^ W^J-^.^*^-^ *— j ^' ■^-" 'V^y 1 

JjJjOI f-j_JCjJ Lj^jj>- jo xjlSjJI -"-^-^ (V° f'J-^' '"^-* <-*' i*-*J 
C-'LiLlSo tJLiuJl (U-^ (c-LpJ '(t-xj^ C^' t - J l^ *■ "^-a-f-oJ I j»j-Lol (j.0 

j_«Xo J ^^JaJI i^jUl olilj-oJl jl tA-p^^-j^JI (Pliny) (_s^i; 
•_» LkJi- 5xiJl ajI i^jLlxf^j i_ij—i l jJ^f- «jLJ1 j^iJl jj (Bacon) 
J-L^.} ^ «-j^J! H>j^ ^j^J .(»UaJ Uj-*Ja^, *^ ,_jJI Aj^W.^oJI ^lijJl 

j_^5Lo k^LLiS" cxilS' <.Jl1s .4_Ls<?L>Jl cjLj^^I l _jJ-p (*-Lx-JI SjL^ 
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(Oj^l j>lj5l ^P jiUaJl *_ijJl i ML*) ^jJ-I fjlij-i tCJaJj-JL. 

ISM1»I <U^laJ ,J IgJUo^ tCUiJl ,p<2j<-Jj <• jy- >*jl (V (_P*i "— Jj— " 

tLy^?- j_^j jl J^ c_i*3j (_£*i Jb ^ 4Jl Ujj tdJLli ^J| 4iLsi>)/L; 

<L^j^Ji ^ i-JJbs^j L» Uli- eij ^jcoJI Ja^jJl IS LS *~Ja}\ TtjjUl 6 Is 

frLJLJl LfJ -i^— t _ r xJl J_-^lii)l cilij Sj^ji^Jl i^^jJl A^L^2jiJl 

<( /»c_ijIjj» is_~lS' jj-t J-s-lj /c^W Mi .^o. j< jiy^ j^a^ jj_aj>-MJI 

^-. : ./?J ^1 Lgjljj>Jl Jl*j Lis ^IjJjI Sy»>Ui> jJiS ^1p *>LLc f-Lj^SGl 
U> Ij^U tL-^-p l»_«_>- *JlijJl *~al>- ol L»_)j (.dJUS ^ ji5l Ju 

■* *- 

c^i lM 0"* , -- JJ <_j~^ \J^3 ^Jj^ V*^ 1 " fSj'j-^' z*-*^ <J ' 



jj> lIjJlj^j jl^ Uj . jNl L^LjI j-^ j->^«-J Sj-aU? ^j Ujjj^JI 



Francis Bacon, The : Jj^Lj v_jI^5 ^ 5jl_,>JJ ( _ > ,» : , ; hll /^jl^U lk_k£ j_jli (4) 

Works of Francis Bacon, Edited by James Spedding, Robert Lesiie Ellis and 

Douglas Denon Heath (New York: [n. pb.], 1869), vol. VIII: Novum Orgamim, 

pp. 179-203. 

Roller and Roller, Ibid., pp. 14, 22, 28 and 43. (5) 

ai* ^j J*aJI J~*~ J Jaj VJ ^wilj Sjj_<aj 4Jl^5 LfiL til^VI S.LUI jUVI 3yi i> 

Bacon, Ibid. pp. 235 and 337, (6) 

^Jyr >~i-^j J* ^yjzsJAj . «ijUl till ^ JS\ iJj4-u Vij p Xii ^ilJJl >llt» : Jji 

Marshall Clagett, Giovanni Marliani and :^JaJl .i-i^l ili^^il 0.A4J Jjl 11 ^jjLJJ 

/-ate Medieval Physics (New York: fn. pb.], 1941), chap. iv. 
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[17] ^ iJbS' i_jLp JL- J ^y^^ THJ^ jy^^ jr^-*d *^* •^° (^ JJ^ 3 -^ 

olJiio^Ji y ikSJl dlL" y£j jj lilj .jJiJlj ,,-^-Jlj *Ux^L 

JjU^J J ^J^d JbJt oJ_fc At* J J - AjlijJI ic- j^jjsx^ i tUo ./JO 

jJfcljJaJl !j^.?-lj-) j»J jlj tjjssljjajl ya l_uAj ^ !_>*_« Ij_g_>-!j ^j-o-a 

p. *« ft 

J l^_J> ^tj-Jlj Jwa>tj (_^JiJl y>H\ 1 .,^4 j-*j 4 4-JLfcJtll J-P clow 

( _ 5 jk>J 2JjNl oI-IpLJI dJJu Jl* jl t LJLc- U»jj^Ju ^Jl JjJL>Jl 

.JjNI Jl J^=^ »-S '(t-f^ jl-l-3-o-Jj cLl*i t^JaJ V ^-fcj 
jji J oLol J AilJ Lajj^Js *_Lp ^_w_~, jl wUi Jl ^-JUaj 
J ./> a > C^^LoJ ^jJl 4 ( ^ijjl jr Jl jj-4-laJ 4_LLJI ^jlJ-xJl iJ-^\ 

Sy^Ui Ltfli- lJu5b JUL IjJ^lj cSlsL-. ^L^JI 1^-—*- ^Ul 

its Jij .f-j-v'j^iJu (JJjCj SjLz<wo aJU>- jj^>JL«j t JLj^SJI Lw^ill! 
Jl 4JuLuJlj 4_jiU>J\ ys>ljis> «_» J-jL^J UJLi ^JJI 4Xix*_<Jl IJla 
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a —iLaJl i _*_J1 oJlSj .oL>-L>-j ^s ^5Lj^5JI JuLJl ;w>j-> j~>j_JI 
La Ju«j! AiLlxS'l j-15 jLg_?- ,_-&j ^(Leyden) jJ_J o^>- i .,_*:> j^_>J 

c 4 — j| a_»i_t- j! 4__y2,_c- iji^flj (,<l» Jajl ^_s i_-_=i— _> il)L~Jl jp 0*S-j 

^Ji^vwaJI _>£_>■ LJ I j^ c ^ r; ji (_£wU ^^Lf- tji^/l (_ji^ cOjjJ-j L§-~>3j 
*" * ■ ^7") fr 

*^*l tL-jjJiJ ciJLjj^iCJl 4JL>^I <j|j_> JCw«j . 1740 aLp J-IjI _J 
(j/jU-Jlj t__jjJ<Jl jl_g_>_Jl tiiJi — -j_JLj ^/?L>- <->-j_) /-J-xJIjJ 

<blL»_ OLS" 4_J| is*-** •"* I? 5 <L?-L>_ij . j .,>?»- (_£— Jl J_x-> t^>-j_«Jlj 

^ f»-PjJL; -JJij t UJuiljj cJlS' aij^__ jl ^jio IpU| t_>_»JI __^_"l 

/ON 

Cy J"^' J-^-H 01 JLj *y c-JJ-oljj O^iCj jl AjjJ-J J^-AJ ( _r^-'- ! 

J5 7-j-^J oN 4>-L»o c— ~J L|J_nJj cLf) i^iUvJl (_£_p-Vl oL^JaJl [18] 

<_C-j_<_^_«J jj-J-XjIj-S -, i_j^1^_j 4_ojJ U> jl_5 lJu*_i Lo ^_3j 

4Pj^=_JJ ^yUj^Jl JllwJl i^JaJ <C»ji LJ MjU-o U^UjJ J^jIj^SGI 
Ij^ijJL jL a .jJj>- i >jL>_ i (_£l jj^ (*-£-^i _r"~J^ -^ .AA)L— Jl o _J«_Ajl 

aj^jLj' aJL^S j-aIj-5 oJJl^i^I L^)V UjJLojs[ _-><4 _jJl dJLijj tlgj 

}/ Lu J_"l 4-JUji; <Wg-<Jl V>-l *Jt-pl -Jl oJb-j .JlJLiCjl J <_?yLa jl 
l_J_t^J jl ^ULJL>- ^ I4_p-L> _j-o 4 "}L_»J_o _JJi iw» jLTj I _»ilJL> 
(»_|jj| jIj_>_JJ <L>LgJ f-*&J <L j— *L_!l jwujIJ-oJI /-o La ( __5 Jj_>_jI 

Ijjli" /%-fJlj ^U-UJl ii_ jl ^J i.^j^-\ l^~\j ^jaj c4jybj^J| _;.jL<JJ 



Roller and Roller, Ibid., pp. 51-54. : J^\ (7) 

.UL, oL^ iJ^Uil (.L^-^l _^ L. JiU.1 JubJl _j» ^pjll i!U-l oJ-'j (8) 
Cohen, Franklin and Newton; an Inquiry into Speculative : ____Jl <. J_Jl__il oi_ jJj 
Newtonian Experimental Science and Franklin 's Work in Electricity as an Example 
Thereof, pp. 491-494 and 531-543. 



jiS'l <ii i Jaj L^JLwtx^lj (J-*-*^ «u^l>- oIj.*^ , , i .^'j i*— «jl U — oju 
( j : jloJuLo dUJJ UJs> ^Lj^SOl o^Jt S^USj aJLjo tiotajlj .aJIp 

<b jJaJ (_$JJl ^jUl ^^^JuJl JjiU i^L^^I 4J^~*JJ I-Sjj^ tAJ-i 
_^» f'j-^'l J- 4, Li3_>sJI ^j-a <_JJ_v2.ll jj^Jj>)) ! J-* J ijj-X-J jj^w-^JIjJ 

i^rjjJl li ^~>_Jl IJ_* ix^Ja (^JLill JwaiJl ^y ^j^J *-*j^j 
"_jl IuLp _^>J i j^JcoI^j ■>_*>- j t _ ? l-c ; jj—lj-Jl j\ «Lw>-jJl ^ aJUJI 

jj^Ji jJj^j L£_^~^_j _y_]| i-jLisJl ^_P lj^acJ^j> ikj-t>La *_v2J ol 

i—jjjl) jA <£■ y±3?-» j\ 2j2 4Ju>-*J La _]j\ cj ji\j LaJUP <. La ^x~Jp ^JjC- 

U jli t^bJl J~>Sl <_y> (^JuJcuLJI *^uu> t->lJb>-l ^^ o_pli o^^ 



1759 (>U ^ij .ULc Jai-I 4^, ^ ^J-Sjl^i ^.^kJ J_>_i o\ Ui^->L. __« J- N (9) 
.,jJLsL" ^_prj »y5Ci L^i 4 i _ / laJI villi ^ i^J (Robert Symmer) j^- ^'JJ rp' 

_j^^J ^ j-i jl jJ-ii' 5j_,Li»-l ^j^iJ iyrj "^ L)l Ijj^oiL^I U jl^* p-j^Sl! ikiJl 
^1 JiljiJI IlU^I LUij i jL^jJiil c^&Lla^_"l dJJi Aajj .j_jJiLc^> «^i iiJj tij^kJl 
.554-548j 546-543 ^y» t -u-i j-U^il : yiJl . 1 _ K iS^I J s LJ& lfj>j 
Bacon, 77m (Vor/« of Francis Bacon, p. 210. : J*>\ (10) 
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5_Lc J2-*-ij .L^tjjJJ JLii^»l ^jii>tj 4-^jJLi!i ^jlJuJl jl j-A J-sA>tj [19] 
L*j'i tj-Cij .JjJ^JI ♦Juil^Jl ^1 IgjlsAPl J^>o" ^ JjUJ LjjLixi-l 
olg_?-j ,y> ^T jl Jl^I_^j C^-iJJ <_£JJI iljiVl (_^2j«j i3b_a JiL Lo 
jjJl 4j_g_<Jl T^jli- t AjUL-j J-SsjJ t ?t ■ ~/>i ^ajtJ.1 I i-ftj t <UjJJLII jJiJl 
IJuJi?- Lajjju yo^ij JjJl>JI j»JuJil^Jl jlj • -*-«-; L« ^9 < ^Up JjfcUxii 
.J-^ jjjAJL j/j jj-P -j j( /jjj-)l ,x~ »->"j .c*»tJ' JJL>J <ul j^a JjIj 

^J IjJjxj l» UU- [t-filj Jl~Aj -r-ujUlj . iSJ*'^ 4Pj_*^»j IjJaJ^j (jl 

sjji 5^11j L*5j .<u*>L>Jl fj-' 1 -*-^ ^*~iio i)LL»j cJliT jJI 4jLJlaJ1 jjlji 

Jl=» ^ l*juJ>\jS *£>y*3*J* ( _ f lij jl jA UL>-1 tL>JL>tJ L» jLs I Jj^jJI 
Ji jl 4^« JJ 4j»^jJaJl ^jjJLi JaJJi "Ljjca AS- y*^>*J> ryi LgJt^nj t 4jb 

ciwiaJlS' ^ji-l ^L« ^ ^^j) fj^' Jl^r^ ^J -JJ^I ^jIp fUiJ 

4_^pL«JL>-l <L>-L>- ^J3 LAij^-J , JJl<L> je^JI t J jJuLJIj <• L^?-jJjJ-5cJIj 



(Prestley) Jj-^ °^ T"-^y J* ■ x ^' c -t '3^ "^ "'-o-S-^" tvj^" ^ j*y. (H) 

^ iiji; ysNl OLS" ^i!l (Nollet) ojjj jl jJL&Iji v^-? ■0oH> (Kelvin) jjiiSj 

.. i JL— Jl «-l'V. ..L <.is-S ^ j^~^ " *J c5^ ( j-"'- pl> iJj-SJI «_j ./r~' « ^ ijUJI ^Ijj^S 

Benjamin Franklin, Memoirs, Parallel Text ed. : ^JaJl t «^_J;LJ.I i— JLS»j oJl_;-^_L; 
(Berkeley: [University of California Press], 1949), pp. 384-386. 

.^I^j^-Nl (JuJl ^js- i^_\y^ iiy- (j* LjLi^j j-jIjl* ^L2j j-» (>Ujjk*>y SjUl _jjj^I oIjJj 
t jl .kilLill ,jLc ;yi l_J>^-; "V Ujj- jlf tgJJl |^~^jJI *~^ tJLill J:;'" J* t^^^-^ 
jjiJl jj-ljl ,_ji U J 1_ r «jL*lj tij^Jb.jjJli) ^L^^jSJL (j-sli-l JjL-JI j»_ r i>J.I jJLiJL. _j5UJ 
: ^j (Charles) jJjLJ-j" ^-jJU jJJl oJidl IJL» jAj .jXs- t^UJl o^iJl Jiljlj jts- j^Liil 
Charles C. Gillispie: «The Formation of Lamarck's Evolutionary Theory,» 
Archives Internationales d'Histoire des Sciences (Roma), no. 37 (1956), pp. 323- 
338, and «The Encyclopedia and the Jacobin Philosophy of Science: A Study in 
Ideas and Consequences, » in: Marshall Clagett, ed., Critical Problems in the 
History of Science; Proceedings (Madison, Wis: [University of Wisconsin Press], 
1959), pp. 255-289. 
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6iLp 1,W .Jj-o t^-JLujjl p-L^^-o J 4_^>L>- <Ljl5La iw~Uaj t •_ r ^sLsAXJ-l 

JiMI ^Ip JlxJl ^ eJiA CJlSj .byia ~JuZ\jj ie-j^>t^j! l5 aI; Jjl 

JU»«xj^JI Ja^JJU jJaj Jjl j-j oo oJUU^oJI o jXajI ^3 ^d./?ij j J JJw« 

.<j>\ _v? J02I 4__oJ-xJI <L£-j_«*^>t_*jl i 4j j-xjJ (_£ j->-l rijUo <U»-J 

1» (, f 

* ^LSCJl *_vi>ljJ ^Jj^> (UjJI dJJJi .4JU-^| ~J jj./?" LSCJ 4jl»_>C^I 

p-L^Jl Jl*Jl • r SC*_i_ t ( _ r ^lji i_->b5 i_p-j JU~ ^ 4Jl j^ .i^ljwUl 

tyjZ Uuj <3j-« J jJulL <c>s_> olilo lJU c <U^p ^i i)^^ J-* !-«-»•* j 
«_w*->tJU 4j>w»Ij Coils' o_ rr >-^i 4JL>Jl>J| Lg->tJLJ jl N[ c LajjJaJ 

^jjb >_->L^ jl t Ajj^XJI ( _ ? JLp . . . ujUu" : aJIj^p ^ Jdl ^^JLSjI^ 

* f- ft 

^Jaj cJj~- tdili ^ LijPj .fl^l J~*»l : jljidl (_£J> (Darwin) 
jjj~>-jj| jv^Jl IjxJI /^j-JlIIj ftJoiljJl <Jjj«^-> /^jLLoJl .MyMI ij\ 

.|^J| i^>-J^jl ijljjVl Of-ly ^ylp Ojj-il^l 

[20] l^lSlil j\ a^jJ-* LiS 1 Lol Site- />j-LJl t_j^" Oj-5^' t(>^-Jlj 

c~ajw> -»i <L^_<Jl <jj^->i ol -i->o L« ULc- ^^i\Jl dill Jl?-I i— iJjj 
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iiLLJl JjVl J^I^Jl ^ Ml ^j .03^- jlJ I^S ^ ^1 

<iaii JjJL>Jl <JJULj ^Jj .(_£_p-l 4-plJb^ Jj-4^ ^ IfJ Wa,T>Bj Jljj 

< L^J ji /^ jl aJLjLJI *_* n_->U5ol JLucl^I 4_JL^l^> JljJ N ^^Jl 

^jUj 5*1 ji (Jjjb j^ /aJLixJl <*jIx«j (UL; (jl (_$^UJ1 jU-J^M ^jivoj, 
nilLDlj cjLs^LjJI ^yJl* (_ji L»lj .aJL^MI ^^Ua^-Vl jjJLaUJl 

_a 4^>j_g_<L» jj5o jl Jj-C- ( /»JlaJI JJwOj c <J->jj>i_JI jjjLfij clubiJ -lis 
LsLp La_£3 I g. o gj > jj^-dJ f«Jj t , lfl ..ujjl j j , /? n J I j-i-ljl ^ J-jLo_« 

J>t< JbJL>- fi-^- 5 ^ J-*- L=jc^ v ^Lc. «jLJ1 jjiJl JjIjI ^ Nl *>LUj 

^j-JL; «-<_£JClI|j .jj_^2jJ| dill ^ i^-^t-Jl JJi <jl5 (_gJJI j^-i-Ol^l 

US' <.jLe- y>\£\ jyaJl AjL^J JJ <_pl*Jl jLj^AJ ^l^SGl c~>«Jl 

^j^jOI I g I , ,/? txj Jl*j J s-Lj^iJl *i-*J (jJji-Ml JjJi>Jl (t-lajca (jl 

0_L^>- ^J^aJl ^jJLa l)j ./? c ^j .jJLp >t^bJl jjiJl ^ Lid-a [21] 

IjjL>- [^*J ."U^-J^JI /»J-L*J' f>L*jl L5 l«i ^ A_g_)LL<" AJjj*^ >-jj^i 

jjt«Jl <wjLj^I jj> p-i-jiLj .a^L*x?-MI cjJL*JI ^ j*L~il ^ i*jr^ 
^ l^-*J' f^ 1 -*-^ J-^" (^Jl oj-^U £~-y Jj-*2^ ^^Ip lJjJLJIj 

.iJi-IJlil ^^JuJl />JLiJI *-^LJlj Sj^Jl dUJ /^j iajUJl iyfcj^Jl 

4 4_^1jjJ1 JjJL>- CjjLxj>-l l *_(JlAjI ( 7t_)jLJI Ju-3 La ^j^j ^-*J 

ajj& cJlS" Uiij .jJaJl ^j^x^JIj ( _ 5 >vjLJ1 ft-ijJlj ^jjLJI J-i L« /v-^ 

jl (j-^-*d ji^Jl ojj.^,11 (J 1 -^ A^i^i>lj jl <C>-liLo •?<• ,/9'JI jj>tj C->2 &^t£J\ 
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*J jjiCJ .Lf> JL> M d\S ( _^i\ AJaJaJ^Jl ^^^LJLiLa l^"'-o ./»" JLfl jj5j 

Ljl_^ LsoIjcojI jl5 Nj t L>«jjlJ L>-jJL7 *j>-jXl>° JjJb>Jl dUj -^o 

jjill ^y ^J^l huj$\ 1jjL*}\ JM>- s-l^ilJ! ^ Ij^S" JjJJI oj_p- 
(1)15 L>_a r~^J /«-^j' 'LoLij^SJI j>ljja,ll ( --P oL>j-L*-« j-~^ (V'LiJl 
j^JLSl i„ i ,/? ; j_^i-p ^j .^^Lp ^.jLJI OjJLlI ^ rt-^i^L^I <_£jJ 
^Jl yt^Jail jAl^kll J-* oJU-L>- pljJ! C^iwil (.1740 /»Lp }L; ^JlJI 

^^xJl ^Lj^5Jl /^p oULSCSl cjJjCjI -Lai dUi *-aj .jv-^jLj-L*-* ?tjlj-! 
,jixiJli J _J^_p (jw^LJJl jjJLJl ^ j-j-^Vl dJcJl ^ 1 g » ,,Aj 
7-1 jj ^j i(Volta) LJjJj (Coulomb) ^_^jJj_5j (Cavendish) 
(J15 j i^JiCily (_^j (Du Fay) <_£li j^j <_£^ oLL5 \^> c^u_fa 
JjIjI ^i ^^woL^iUl l jJ)J*z£LJ>\ (-^ja c->Lb5 .jIo! ^ jS\ LsoLol 
U cJij j^ij . jAp ^.iLJl jjiJl OL15 j^ j^p jyLJl OjiJl 
Js. ^j^ii <.S^ JjS/j tj^JL^Jl jU> t 1780j 1740 ^Ip ^ 

ifj^ c^i lj-*J»^-il (Irr 5 *""^^ clLta X_aj .jv^JU-P ,J-«->- ,j— »L> /v-wL-v-'Jl 
(. O-bljJLa qjj ■ /? »j 1 Ij_1_>*~j |^J /y-aj ' Lsi>j-«-Pj 4_OLa JLSl 0*x5\_Ji^i 

S-^ (J o^J ^-A 1 d^J-^ c^i H^ry ^^Lla ^ j»-f>^LJ 



a^LS.i <u^L~ J- ^3 4^_Jic- b^Lij A^JwLSol jjiJl a,(j'l ~L*j us olj jizlJl L a ..tJj (12) 
ojJ-iJJ jj-*s£j f-^Ji->j tuj-4-t aJj-jaII <c>«_^JI -r^Lj oL-J^ij Jj'j ^ <a-JL> -g-S\J! *c^i-^JI 
.ai£L_vJ1 frL_g^JI *j-^ (J^^ v ./>jJl_g t Jlj -^Sol JaiU ( ?w»lj *b-Aj>- >> j) g, a w L^Xit>LOj 

Roller and Roller, The Development of the Concept of Electric Charge; : j—ia II 

Electricity from the Greeks to Coulomb, pp. 66-81; W. C. Walker, «The Detection 
and Estimation of Electric Charges in the Eighteenth Century,» Annals of Science 
(Philadelphia), vol. 1 (1936), and Edmund Hoppe, Geschichte der elektrizitcit 
(Leipzig: [J. A. Bartli], 1884), part I, chaps, iii-iv. 
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c^la^jJl jj.,#.*}\ ^ji 55jj>J! j^ujlij w<»JLill ^ <j_j c SQjaJl <Jukj- 

Ij^li UJu^I^j \jy>^>\ *-$j\ tj\ -jts- £jJc& jjiSl JjIj! Ji ijxjjUl 

.,^1^ JtJL-« 
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Ill 



i£j>\*}\ ^JlkJI Zbto-da 



JjloJ *_><-).} I jjl jL5 lijj : Jjs-Ij j^JoJsljJ *Ld-*Jl /^ \c-y±s*Ui ( _ ? a1j 

jAJj ?NjJL>- LgJ x>z ( _ S SCS sJ^LJl apj^^JI dLU ( »Ju.il_ r JI dili 

dJUj ^5^^ ^ij 4«-kojJl» j! «JHJ|» ( _^ pJu^ljJl JLjij 4^UJ| 
jj J_ut^il (1)1 /y» i Aviil 4-«_0 ^Jl JCJW UIj i. aLL*-<i • ) ^s 4-~?-Ujl 
(^JUl ^^^Jl (1)1 (UJLS JL*j fc-J>jX> t ^~ij~" ,j^i .L\* 4« (% J<_ol^j>» ioiS" 

^J^l ja ^J i«.Luj» iJs'j «Jb>» iUS ^ JUjc^^I 11a jU-l 
i(amo, amas, amat) ipj_*_>^<Jl «J_a i_iJjJ 4 Jl_L<Jl ,L-~~» ( _ s JLp 

^JlC- c_4Jj^2j JlIP 4jL->tl»J 4_-^>mJ <_£ 1)1 J>a.o..'-'l l p£>yC LgJ *y 4 iJoil^j 

(kudo, laudas, r-i^>\ ^ <.}Ll* 4 L £ j Jh ^j-JN <JL*JI ^ j^S 
^U-wJl iiJijj j^Juil^Jl j>jai t(_£jL*^Jl (j^Jaxil 11a ^yii .laudat) 
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Lo Cj>=Jl IJlA ^^Jlp y> S }\ IJja OjisJ jl ( jiC»j_ k_ tiS <_JjJ ( _ ? ^3j 

U-L>aJ pS\ LgJ 3 L^iJj^ oL*J<-oljJl <_^^Soj .43ij oliaj C-~>- ,y> 

^Jj taljoi •*» L>-L>rj ^5"! rtJu^ljJI 0*xj. .Silp- L^JjXj jl^S^II ^Jj 
?^>tj_) jl jl t <JlSs_J^j J_?- ,_i *>LalS U-L>iJ JJb>i-> jl <lLb ^y^*-" 
r-L^J jl .ot>L£Li_oJl ^> j-^l iJLfr <_$l J_?- ( _ 5 J IjjLi L>-L>tJ 
j>U ^zJl oLL~^Jl <»l ca5"^>JJ j la.. v jl JJ^ jLv! frlj— - /^Jtj^lj^Jl 

A^-J ffA jlj—aJI <JLo_*JL~»il p\ «, <_o I iSvJI *_s£>lj_«J ^*>j_o_JJaj Lg_> 

JJb>JU l_>j_^_S'La L^jwjj t _ s jJl <*^LjJl cLpL-va 11 *l t^-uJIjiM 

(JbJli .4-la.xSJj ^_P Jljj *2*j aLiU» illal ^i AiLl^SI ( j^~tu 7-UcJlt [24] 
43 ,-H^Jl x-wjaXj Jj->\J ulJL>o tJ^-JI idUi ^yJSJ~tIi ^3 /i-*5sj ^iUJl 

CjIj^JJj (JjL«j>iJ| tiLLj /^jj <uL>Lk_ajl jIjJLj aiLlj diJ-L^j c ( _ jy s>U- 
,4jli rtJuiljJJ ^»jl ipLv 4ia^jlvj ' (*-*i ,s lj~l 

^Lll ^o tA-15 jli 4 J^x^Lo *_Lc- ^ ^JJii-L<Jl 5j5b /rjl^j 

( _ r vaXij tjtJtjilj-JI AjLU«j ^JDI Pj-Jl *-ULJ Ji ^ (U-«Jl jlJi* -^J-^. 

aJ^j .aJ—iiiJ (_5^>i^o ^j LjjJI |X» jjla USi j^S-^wu ♦S' jl t, 4_<>U>Jj 

LijJI ^^b (U»J<Jl ^l-^i oLJU_*i .4^)_^-ifl jj^o jl i^_JJaIJ' i^LiJl 

La ojPil La (wiljj ^Jfcj .isXg^Jl («-fjL>- iL)s> f-LJuJl ».la<uJ LiLtJl 
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JU-O^ ^JjL>^5 J-^C^ ^^ Cj-^UaJI ^^JuJl j-X^-oJl ^ A I ftJjUl 

8jij ^ Jul c L^wJ _b>Uolj t LsJL* ASnJLiJI (jjJ*. ,/» H J I .^s «UL»JiaJl 
yfcljJaJl jj> 9-\y\ *jJiJ ti- 5 ^' (*-l-*-Sl i-iJLA ^ ( _ r -JL» •f-VpLr^' 
^^-o-j N ( _ s jJ| jJhljJaJl diiJ jl jjss J ,/> >w; (J-Ul il)l J-j (.S-L>Ju>- 

^Jl SiU *L_LJI 0JL4J Nj .U1UI (jj N ojJluaJI ^ LfJU-4 

cJJUfc jU idJUi [ j-P Vj>jS-j . jj^-i-Nl 1_£PJL_> ^xJl cLijJajJl 
tj*** ^Jl oU^JflJlj yssljJaJl dib' 4i-Ls^ j-* ^.iUJl l _r*-b < -^ i^xJl 

.Uyj jl -JloI^JJ 

^^a <. (_jibJl <»JljJI o_>tj oNL>*-«-a .Lj j^-p oJla c—lLS - L*-jj 

f-*j>j JL» j^l 4_*iiluJl JL* jA (_$JJl 5-jjJLoJlj .l_L>- ljJt^> »..1?11j 
jvJuiljJL 4Jiill ^p aUiLII ^jJbJl lLUj' jl _^p •'Vjj-U 4^1i bjJb>- 
cj*>\SJlJI jj <Jl>*-<> t_r^ «LiJ yl y£ s~J* .f»J-*-ll jy 2 ^ *j r*j-^" <^~J^' 

1 -itj->- /)-» < »Jl->- ^/j-L; f-LoJuOl j^JcjjI^JI (»j-L> c Lw—vJ <w?L>tJ! 

j_£.il*JI (vij"-U'j .0 ~^*j Lo^j a_^a>- jj.,,^7'1 /j3o |»J Jj^Pj L-^2jiXj 4j<^JaJI 
ijjjij tLl^>«JI j-^a>tj' ^Jl ijJu>JI SjL»j ejLyiiJ iV'J- 1 ^r (_s* ^-r' 
J£jL>-j .os-LaSj LojoI /jP Oj CJwUJUvl <_£JlH i^JuiljJI i is oJL) Lo-X^P 

P 5 ] Aj^aJl jjio l-_*-OljJl ?-L>*J O^i J*>l3-J t <U~iJ OJjJl j^S .,»_gj>0 

dUi ^ l«-jj>- j|j .-vJuiljJL aIjJNI jji ^y> tli^JUl L»jj r ^_J 

.^UJl Jj> ^jJi oJ'l t J*Vl Jj> ijUJ^I 



Bernard Barber, «Resistance by Scientists to Scientific Discovery ,» : ^JiJl (]) 
Science, vol. 134, issue 3479 (September 1961), pp. 596-602. 
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o*>lSCJL<Jl t. a /../?"* JjU-l oMl ^^•i ' (V-v.- 5 ^ <_^ ( _ r *»<j-«JI Oj>xJI 
^j .Lg^^-j. *J t4_^wyj oj_^aj <jpL*Jl jt_L«Jl L^_« cJJLu ^jjJl 

*-*j>- ilL~a ^ jJaJL; lJuIj (^jiiJl JsLtJl AJL^a J->-jl Ol <— ~"LJl 

j^ jLi-Sfl ^jt^-Jl j^5^j ^i *Ul*Jl Jii. U^Ip j^lj V*^' 
4». . w'l t ■-'Ij^r <_£' dr*- 5 •* r*^~~-*J' 1 g-»L>i= it L$-J} O-Lya »j (^ji /^JulJi 

Jj-m2jJ1 j»>- ojL>-l ^I^J -^JL«JI «iJu ^JJ! Li i^-Si Lijj MUj 

c^^JI^Jl ^^^JluJI ii^>tJLJ i^oLf jjj o*>\j <*{£j\ Lo.S'j 4 4^»j 

^ <wiis^Sl dil-i Lfij'j -j-<i^~s JiC^o Mj Ljb SjjLjoi o_~J ^j 

4-*-~Js {jS> t<U^>L>- Sjj-v2jJ IuJAj <bl ,»_«_olj_Jl i \L> (_£-«! .x-jlijJI 
OJu 4 0tAS\JL<Jl Jjs- ^9 t^jLvaJl iJLgJ jvJ^jil^JI p\JSz^j[jj .f-LjiVl 
.J*-*Jl f-U*jVI j-* f-lyl ^ySj l^tSI iiJj JjJuxdl 4Jb»*X«^> ,*j*j.>I j JJ 

La 4_»-g_<JI «JlijJJ olJuJi^Jl oJl» cJU-i colijVl {y> oij ^j 

_ *\-i_yJi}\ ^j ti_^S"ijiJlj iJLtll ?y^\ Oj-^5 LgijjLi^j ^^xJl 
JL-UI -J c JgU» .,rt» iMl ^s-Lo LfJjJiij ilj-^JJ 4_>_pjjJ! oljj^l 

t^Lj^l iUJ^I jljjlj vc^j^' - *^?^ c^j '(j-**^ Aiol^LlI 
oij^- (jjJJJl (jLkJlj aSjJ! o^Lj ^L^i oJlSj .aj^^aJI oUaLlJlj 

t * # 

k— jj>txJl rtJ^> c-iLjil /f* L*^o le- >- cJU-i Ji ><jlijjl dJJj JlL« Li^j 
cLUj lla (J^apO jl^>- ,< ■ ^ -<aJ /»Jj jo 4 iS_P~^ ■^-* J * r°J •«'-^*>->~-*J'_j 
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f. ? i? <* a g, 

t /Ji* Nl <uSJLu*>Ul c->t>j5L~hJlj (a^IjJI oIp^~~<JI) Oijj^So^JI 

(E. O. { _ r JljjJ .1 A ^1 (Tycho Brahe) ,_y>lj-; j-^j^J j_o owLu_<Jl 
aSyi dJUi t ^£j J j t^Jip S^Ji dLJjJl (J^aj jyl (.Lawrence) 

t4_jJ_viJlj l4JjJl k—w-K-o 1_<^J1_J C f »_gjLa->L , LSLa ( _j -^.-*->- (_$l (c-il 

*_* Sj^iL^ LgjJjLLo jj-^-o-d (^1 /«jLijJl ciili' Jl ^>-j^Jl LjoISjJI 

o yCJLa Oj>J Ls Ulp LgJl xj> t -vJu.il -Jl 4j Jij /wa eJLiJU~<JI olj-JjJI 

o^kJl c/A££jl Jlp ^£]| Jl a^^I oM^JLJl J* f)&}\ 

J-Ioj aJuJLP jJaLa cajiU UL^ij i ilLft. jU i(_pUJl /JLaJU i^UJl 
OJ«^v? b[ 4_si3L>o I 4j» ;; W,II *^ BjJiL^ 4JjUL« 4~oJU- ijjjjj AJjliLo Lg— 3 
eJ_* (U-^ (V 1 (J-^> (T-ij .Jj /w» aJJu-j C--jLS W?uj ajj ./? i 4-> ■ b '■ II 
/jJU- J LL) Jl <L»L*J! <U*_*>jJI ijjJajJI JjUj^a ( J vjj*>\_) (^J-"" <jJsL-«j| 
4 AjjiaJI ( J . J ... W" J^J C *~s- JjJsLuJI t^lLi J i^~J t c^iJS /y> ji^lj 



(3LiLJ.I l j^-a-J iJLJl j»jj>Jl jjj >j-A1I i_illa ^ jJ~')S\ JLijMI jjj .^. ^ .t. l l j-<> ^jUap 
OjJ»Ui ijl 4_~llLj 4-wli f^j-JJl u^^iJ '*^L*-1I 4~_^JI i^lijl /^o ^j$l ijjl jLS^I -yt 4>- ^-i 

= (_ J »j : bjJi>- LajL, -J A-iU^J ^y 2 ^* i!"J ill>j .L^oLi- Jly M o_,~J-'b/i SybUaJI CjULi 
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4jLJ| (ji^kj o^jJL>- jJa>Lu .jL>*->J j! jjLkdl dJJi ^^*J jl . *3jisJ\ 

/j-t- -j iS_Jj_i_^5' J-^-j cjLJ'^i cjw? ct^' <wL>«JI c-iLj-S-..^.L'J1 
(Atwood) ^jjjI ill j t>»jj>tjJl «_^J>lj^ ^J$ ijjj^Jl J b; ,i II oli*>Li~l 

'k>z^> ^Js- ^J>\j oIa^j Jji (vjJ-«j <-J^ <• (>_?*> fdblS (Principia) 
jl oLwJ fjJwv^^Jl (Foucault) j-Sji jLf=r *j '^y^t j^c-* Oj-iLs 
jJ*ycJl j1Jl*5 jl t*-UJl ^» 41^^ j^> ^51 s-lj-fJI ^J> pj^Jl 4^^^. 
aJu i (Neutrino) y*>yj^A\ syrj ^Jls- jUjJJ ^^a^J\ 4ii%»jJl [27] 
/jjJuJI <L JL*JIj , . w«JI Ji^>JI pz-J>y i yiS L^Jj Jj s. <U£>UiJl cj^?-^! 

dUj OJ. • (JjLkJl iJU- Jyi L_>ojJJ ijjJaJlj 4j ; .lall i_j^1l5 Lajj 



,_gjj-l ysljJi ^JLi^^/ cJjJl Jj-kj N JJj (Mossbauer) ^j^-^ ioiU- f-U-1} JLixil 

<.4_IL~<JlI J^Ji <Juaj (Jji Jj ^ajJJj . <Ujj ^jj JU» tS-JJlj 0^1 JaJiUI DlJull IJLs ^i 

L. I. Schiff, «A Report on the NASA Conference on Experimental Tests of : j 1? '.I 
Theories of Relativity,» Physics Today (New York), vol. 14 (1961), pp. 42-48. 
Abraham Wolf, History of : ^\ t^J.1 ^cJ>A\ ^^SL-LJ! J* £>Q>^J (3) 
Science, Technology, and Philosophy in the Eighteenth Century, History of Science 
Library, 2 nd ed. rev. by D. McKie (London: [Allen and Unwin], 1952), pp. 103-105. 
Norwood Russell Hanson, Patterns of Discovery; an Inquiry :^JiJi oj^Jl ill i}y>- 
into the Conceptual Foundations of Science (Cambridge, Ma: [Cambridge 
University Press], 1958), pp. 100-102 and 207-208. 

M. L. Foucault, «Methode : J JiJl i^UU jL^J-1 ^» i^p^i j>-\ ^j-a^cj Ul 
generate pour mesurer la vitesse de la lumiere dans l'air et les milieux transparants. 
Vitesses relatives de la lumiere dans l'air et dans 1'eau. Projet d'experience sur la 
vitesse de propagation du calorique rayonnant,» Comptes rendus de Vacademie des 
sciences (Paris), vol. 30 (1850), pp. 551-560, and C. L. Cowan, Jr., «Detection of 
the Free Neutrino: A Confirmation, » Science, vol. 124, issue 3212 (1956), pp. 103- 
104. 
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[28] 



. ( Jj^oJ( i«j.U- JJjjI ill 
t J_a-' Jl _.vu-; c-_j|-L*LJIw*JIj ,-JjL>i_-L!| /^ clJu i_a- ' ._y ^ i]L-J-j 

,r/i-*j , U>-J t f*-*- 1 .^' j~' ^ir**-" 4_C"L-s_» i-JA^j J_>-_wojl ^-~_>-jl Lj-xJl 

j»jlp ccjL^LjJLj Ai^Lp- _ ? iS'*yi pj-i-*-!' («jii •"-*rij J ^ *■ ■ ^' te ' : ,i *-a-s^jj 

c—jIjJLjI j_jJl>cJ jJJ aLpL_s-_J! L^iJ_* .^-Jl ■ >jl->--~-ll ja*j a->->-jJ 

^j-j l__oL>-JI jl JlioJl J~--~ L ^f- ^yj^ J-*-* J-i (J?. -^ ' ^^/r*^ 

f-ljjl , j-*-! Alilj OiS ^A AJu^~- aJs-j Lo_^wO \~Atu aJuSJI j^ •_J_\_»-j 

^j-X-oj <v?UJl aj'">ISnJL° l j£i .OjJsJl (ji £-L->j^l J5" ^j tSiUJl 
^iUtdl c-jli!l tfJJi <_gl , t__oU-_xl! IJu- jIjULo __jL*_>- jj.i ^> t-gJL>- 
Oji S-uJ «JjJu>rJ' jJLc- lj->li IjLg-?- olj_-« j_»-I f'Jcuj jvJj t^oJLol 

jj j Jm <Jl JjJ-X-_.ll J^-SCj Jj .^aL-JI '. l.jL--' JJ-^> J-*J jLajJl j-* 

j-JLp j^t-Ji jjiJl oLj~jt~j <__* (Cavendish) ^J-uilS' <u *li ^JJl 

/»Ls l A— oL>=Jl C-~>U |^— i /j—^J>eJj ij S<La Cj a jL>c^o JuJCwa CJj^- JJJJ 



^jJ^pj i*->J\ JljvJ- cjU^I^. (J. H. P[oyntmg]) *^~ij-> .-* .j- i^^^-l -»ij (4) 
= «Gravitation Constant and Mean : ^i 1901 j 1741 ^Ljl j~j i~j}\J-\ c-oUJ L»LJ 



.. .iJj^^Nl o»t*iJl io^j 4 (Joule) dyr J^L>tJj t(Avogadro) 
(1)15 U j£Sj <.hSL*-a Ujj^aJ jl5 cj^/jU^J! bIa ^y> LJi .«J| 



t JlioJI Xyy^ ,_^-c- t<»Jj^^o jl LAjI <j£-*-± i| ,iJj5sJl Ojljll! ,»_JS 
^ iS^ jj*~^ t£^' (Boyle) Jj^j j^lis : i-*5 ^I^S ^1 Jj^sjJi 
k—jiUtJb ^UJl (Coulomb) ^_^>jjj5 jjilij 4<u-><^~j jUJl JaJwi> 

j-jj aJjjJL^Jl Sjlj_>eJI /j-jj -' a ->r-> /j^-'' <J_^- <U^>L»_aj 4 u i g v >l 

N Jij .4_a.;../?H IwLa ^ Ji-Jj L^JLS" 4^wJL^ r 45Jl jLxJlj 4^jlL<Jl 

i-JLt^Sl fJ-io jl i— *>«-> iSjJjJ* 1>jJ> jA U IJuil^j jl b-wilj Oj^j 
^><ji 4 to,.uly o »>j L^J- C ' Pj^jJI j^ *-«-~J L« LJLp ^] .oJ-^5 j—jlji 
j>Ji M tcjjUI jl j^ -iSj^ ?\jr>\ JJ-* jr*J U-*^ oj^tuJl cjL«La]| 

jwiJ JfS^J (vJ-S .i— a ,lgt^ 11 jj^n-JI ?r g '■ <>J1 l~^P L>c_^_a /t-^-^ L« 

*>L> t^JJaJ jl _^l j . : ... .e" LgJ jliCJ Lfcjj^aJ jis^l jJj) Jjjj t_JjL>«J 

4-JLp jJa; jl ^jSUj j^> JsLo jp ojLp ^Ij^JI jt» jly')'! J^i (j^^ 



(5) 



Density of the Earth,» in: Encyclopaedia Britannica, 11 th ed. (Cambridge, MA: [n. 
pb.], 1910-1911), vol. XII, pp. 385-389. 

' ^j' ^1 »l rt-il j-*'j^ (J! 4^~''~*'JJ" l Tr6 J '' oljj .,.-?: 'I Jj_^*- ,J-^ Jj-s^a^JJj (5) 
Blaise Pascal, The Physical Treatises of Pascal: The Equilibrium of Liquids : j U :l 
a«c? the Weight of the Mass of the Air, Translated by I. H. B. and A. G. H. Spiers; 
with an Introduction and Notes by Frederick Barry, Records of Civilization, 
•Sources and Studies; no. XXVIII (New York: [Columbia University Press], 1937). 



•j*j o^ill *xLJL! L^Lp- ljL^->- ajLxj (-Lp i -«jJ »S 7-\^yJ Jl^xpI Jij 

.(ils^. jl i«j>t_~l«j 4^Ji^> Ai"^P iJLixS'l ^J Ulka lilii-l ljiii-1 

SjiJIj .ubJ (/ >l *J> J^ ji jj'ji ^^Ji J5LJI ^ *_^- J5 
_ i_^.jJ^ L^lc- <L^^i b\S jA\ ^» f-\}>-^\ i^iij* Ji* ^ ii-iUl 

[29] f|Ju*JL^I 1 olA t jSio-iJ ■ Ua->- Oji Jy ciUij t4JL~-<Jt> ^la ; .,.^j 

jjjUJlj ^yi^iCJl ~J>j$\jJ\ ^ 4SM*Jl jl filj-llj .*Jo^ljJl <lpLv3 
LLo jj ^yUs- t,h\yi}\j i^j^j«Jl ^yi Oj^ 4j>-j^ ^jIp CUiLJ 1 _^^^S3\ 

(7) 

^j*J r>«Jjl LaJjJ_>ij 

i <U^U>- Ejj^/2j IAjLj ijLSj i v_sLx»S\i^i ill a\j^M /^a ,£51 <uJ~; p*-JI 



j.j>:c- ^y Ja_^ s-li uOjLc- J^jCi ( j>^» (Torricelli) J-Lij^j" *— iJ J-j'VI JU-j^I 
(jviJlill ^yi itjj-Jl cjjJaJ ^j* J-ij .: 'LlSUI |JL» ^ 275 _ 274 ^ ^Jijl . Mj^Jl 

Duane Emerson Roller and Duane H. D. Roller, 77/e Development of the (6) 
Concept of Electric Charge; Electricity from the Greeks to Coulomb, Harvard Case 
Histories in Experimental Science; Case 8 (Cambridge, MA: [Harvard University 
Press], 1954), pp. 66-80. 

Thomas S. Kuhn, «The Function of Measurement : jJaJI i liL>\ ^>ij\ lil (7) 
in Modern Physical Science,» his (Chicago), vol. 52 (1961), pp. 161-193. 
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*_« LLjcJLj t^^JlJ La j£\ ^^XJ ( _^\ />jij«Jlj i^jJl Olj^iJl tdULj 

(j : . W" jjio La LJLpj .aj> : . WJl /»UajJ a_;_*_SCJI N ^LjLSLII ^^-IjjJl 

frlj^-j jj-a Jb V XjJC&j .^JjVl 4_£-j_*_>*-<JLj ii*>L>JI aJLJj (Jj-^-I 

AjjI^sJI Aj^-'JI *Juil_ r ; oLLJaJ Col5 tjLuJl ,L~» j-*j .SJjJbjJl 
ojl^>JI < \Sj .4jL>>J! j^Juj r-i-a-51 4ja_^lj-i iJuj^Julj /^Jt^JI jJl*- 
"Ua^uljj i t>LLo _ {£r^~\ aJbJLP (j? Jaj 1 g .^1 .--»" *\ j\ Lg-S*>U»| Vj-Sn-o-j 
_ ^MsLaiol jl jLe -k*^> ik^ljjj tiJLSOs-Mljj t jLa^So 1 ! iL>njMl 
JlSLiL 4jjJaJl J^.la" jji^j t t _5_ r =-Vl jJ^ljJiJl oJla ^ ^1 ^Ipj 
^y- l jJ>^^}\ jU t!^ia titjl^s- SjOi (J'ljjjJJ) o*A>JJ 615 jls .oJup 

4JI jl . j-1 -dJb jLxj! T^j-a />-£■ f»-^-L> AJU 4j»- _J> /jSL*j iaji^sjl ^ J» 
. ,k» Jaj\ __^*^J (jilj^JI o!jL*-U A^P^lS! ajljj>JI J r^*- 1 ' <_J] f^Tji 

w_jjL>*j Oj_y>-l Jij .j»JJL> U ^\ <tiLv?^i/L> oJuwLp i_£^?-i T-jj^j Aajj 

c Lj^j U^xljj t <Utu>«^JI OuxmJI o^-^J /yL .,>?a" ^"j-i J. >/?<>) eJjJ-P 
LajLjLpIj AjjI^JI ijjJajJl ^.P Lg_L5 i_JjL>*-lJl aJuk OjJ-/? Jlij 

t w»../>l| <la-^ljj /jjis^wJl o Joliji C—^wjU jl L»_J . aLs^UtJI -*juJI [30] 

LgA5 tLjJli A.SW',oJl J oj^p-I ^xJl t^^i-Nl t—>jU>J! OjL*s i jLs- 
jLS-l diii ^^Jo ^r^-o-i <-aSj> .Lg-^jjj iajjJaJL .^-i-ol^Jl Ju> i!L& 

t^s; ^1 ^aUJI jJLJLJ Aj^kJl oMS^JI Jl oNi J^pcd 



Thomas S. Kuhii, «The Caloric Theory of Adiabatic Compressions Ms, (8) 
vol. 49 (1958), pp. 132-140. 
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^ (t-^-j-iL; 'J^-«4 t(_pUJI (_£jiaJl ,L->dl ij^ f-j^- iiLxA ..oJlaLL«JIj 

^aiLvai- ^_jLnw^j t i _ s S^Lt)l jvjjJbJl <pbwai .4-Jli <u_j olS "4*9 1 j 
jw« 4JLL0I <_£j-wj ci^^J ( _SJlo<*>UI jLiiJi/l cjLjw>tL» -LJajj ccjL-/Jj«jI 

<U_JL)I A . * ./? /l*-^' ij^-o-J I4JJ r~-*J ^-"J-*^ *L«-*-*jl jl r^- ., L*4jI IJ-ft 

jJlSol jfrb LJjj .^wJuaJl jl ^^^X^Jl ^J\ uy>*i b\ < ^iJ <U*Lol 

^1 olj-jdl jS/ ^-J ti^JiJl oV:*ix«.l oJl5 JIL" .JUJI ^ 
.oj-iL.4 LajL^I jlSCa^! Lo-Jjj ti-Jli <U-J oli oJl5 IfJj Oil 

U> <L>jiaJ /j-j *ULJ| JaLdJ ^jj kj 4_wL>-P J*AJ- 4->-\y L« LJLp ^l]l 

(Y-L- s. jJ^s- jj^LlJl jjJUl *J-k-« ( _ ? ii -^j^ (*-!L«Jl J-j<j L5wiLjjJl 

jlSj t <1>ijIo (V^o-*^ ^Ldl < jI^S" Ji IJu-il^j lj-L>-J tji^ 1 -" f-UJUJl 

i 5^o_^j Oj j^jj i_jjjj_a (*J-«-M rojU .^ -^"W ^J •OJi jw Lj j»_gj 

jLS ^Ud\ JUJl ^-Jl^i (jlixJil jja ryj^J tj£-^> •ti** <• dliiJl *Jl»j 
^ys-lj-JI (j^ajtj Tj - ^ lt°J "— ^Ij-S^' ^j- > H ^-«-L*^-*Jl (Kepler) 
T-oLlJ (Jl-i( JLai ^sj'Vl jJ^ <Lw~jJL)j .j^JiJl L*L^aj«j ( jJl o^j^j^^JI 
(Pendulums) ^IjJl ^">>h A*!A*Ji cjIS S^pt^Jl oIjjssLlJI ^^jo 

/-« /^>^>J t oJjjtLaj <uiLsi>| lOLvil J3! J^sjLXjj .jlj>tJlj J_«JI 4&J>-j 
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«Jla $Ss- jLi tJjJi *_oj •^i'-*-^ LJLaJl* jL5 j-aIjJI liiiJ ^b>J 

( j^vj aJ ii^Ui /_« j-i-S^lj .L-ijJjJ Lfcj_;_P- jj-Ja-i *J .\Jj-J d)t Lo-S" 
( J Us ij,\ * jJl j^Jax^j Uj cJjji U lij < *-2~si aJLJLSj! /Jj-j oliu.lg" 

<JL_>CL^*>U UJLvS Tt-waJ <U~£o V*^ ^°' .<bjU-~Jl aI^-^I olS^S- 

Ij«_vsL>JI 4_S"^>tJl ^_&lj_U j-Lp A_^sL>tjj t^-.^j'yi ol JL-JajJl ^i 

-JU-ll ^ J5 ">L/?I La j jJs luLj-5.:.H j-o 4_pj^>=-<> aIjJ^l^.1 Jjj-^ 
j^aII <j^U- iujjj^l ajUJl c^p *J t(Huyghens) yJuy&j jJJLp 
jtJLJlj (Bernoullis) ^j^^ ^^ dr" *L*-L*Jl J^aij j-^p j-^Lill 

-Li^ws -yj a^/jLp- o:iU- LfjjS' d)L~j /^C«j t^iL*<J! c_jIi5^ c^LxiJj 

/wojJI /wo a-UJj (dii^ V*c^ '^ >_ ' ^j^i (•-' ' ^ j^P- jSSl 



.(^^10 (Jean) oU-j t(Ja) U- i (Daniel) jLJli ^j (-») 

Thomas Hankins, «The Reception of Newton's Second Law of : _, la ;l (9) 

Motion in the Eighteenth Century,» Archives Internationales d'histoire des sciences, 
no. 20 (1967), pp. 42-65, and Clifford Truesdell: «A Program Toward 
Rediscovering the Rational Mechanics of the Age of Reason,» Archive for History 
of Exact Sciences (Berlin; New York), vol. 1 (1960), pp. 3-36, and «Reactions of 
Late Baroque Mechanics to Success, Conjecture, Error, and Failure in Newton's 
Principia,y> Texas Quarterly (Austin), vol. 10 (1967), pp. 281-297. 
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OJj>-j L^ ,/jj jJ aJloI jJ Aj^LiJI old ; . ra~.il I g",,l b" *^fi\j>- <lAAaju) 

,V v-> 3- , -.-k-" («■*■* -Lg-5-^ij-J 3tJL>xJ_j Aj jJa - 'J l 4_£jO «UJLa-< Obj^wS 

tiki! <Lli^S' jl-^f-l ,^1 j-kv^l t ^\jL» ^IjjJl OjJtlii ( _ s -i-fr 4-LJlji! 

J L*L>*J <ul to.? .^iljjJl JjJaJ IJl>-Ij LjL^^aJ j^J-i i_s^> ^-Uij 

olj-J'L> t <L> Ju_g_4Jj 4j JaJ O-JlJi ^-LJ-S CjULlIIoiU t AjL JaJ , w «.< 

t (JJU.1 *-«j .4^JL»i <U^jjij ioLj^S oLi^iaJ OJlj} JUL) • p-i a_gJi <Lojlio 

[32] jjij olj^Jj /w_i *-S ♦^-o-Ji 3-*'j-^' ir '~- > '^" -*ULi "•^j"*"' 'HHj-^-'J 

t b>- j_si> j JlSl Ijj^ouj t L^jb OLj-*w2-H jg la" j .aJUvaJI i_jjL>il11Ij 

olj_*LjLoJI_9 .4jjL«w^JI jJkljJaJI ^eJLP jJij-J ijj_kJ 3 ; ; " " ,«■* 
^ f. 

LoLoJ » .,rf»>eJ j i Jilj^Jl jl i _yU ; ' JJu 4.k..>«.>ll a-jLvj>JI <L>_^^JcJI 

.l^c-j ./•?>- i 'j^>-j (»Ap (c^ o-Aj /yj-J ijkj jl Lo t -US' /,— >l oil 

AS JL»aJ[ J) tj-jt" jk->l t^Jljiil lilJj (Juiuil -^ //>^i <_j^j 

aJus- (_5-JL-^ iw^j-S" J-S" J-j (_ob>sjJl LjJLL^a t^L-jil^Jl ^JbljJs" 

<UjiSs^>JCjI oJu&LtvoJlj AB.r> r> II 4j JalJI /-O ^J I Jj 3^ I aj J wi>- 
^JU *jia "^ JS\ aAs- l\yj2^\ -J (_$ij1 J^ljJl <J^ '^J 

/jjJul "ja Ju>-lj Jjl /j^j /»Jj .jL»u^/l IJ_4> <_jj!JLi L« 3i >t J J' /r* 



Wolf, History of Science, Technology, and Philosophy in the : _, la II (10) 

Eighteenth Century, pp. 75-81 and 96-101, and William Whewell, History of the 
Inductive Sciences, from the Earliest to the Present Time, 3 vols., Rev. ed. 
(London: [J. W. Parker], 1847), vol. 2, pp. 213-271. 
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J-*j lj^l>- /jj JLL5 oJjJ^-j >»L*^&*a! 0jJu 4jJiJ CJ*>l5Li^ dlL" (Jjil oJI 

*-a A^LxJLlj kljLlij ij-?"J (V 4 J-l if (JLS' i. (JU^JI , J— ^~> iJ-*^ '/Vj^ 

OjJaJl JtyL?- ^jjjjH\ oL-^UjJl f-LJLp J . lf ?.M ^ JuJuJl j^SLoj 
c(Euler) jJ^j e-LJjJli .j-^p «-^LtJl OjJJl «_Ua_«j _^JLp (j-*^ 
JlJ (Gauss) ^r-j-^j «■ (Laplace) ^"j^Hj <. (Lagrange) ^Jl^J^j 

LjwC- Jjj .fri. a ..., ' l ^3 (_£,_>&_> L« sJ^ULijj (Vj-J f%-«jil »> /^o JjjUalll 
<U>j*>\j| CjL^LjJI jjjJaJ (JLf- /w«ljJj pi..../? >c_JLll a-L* /j-a J-t-L*JI 

iojjj jl i^jJ^JI sj Lg_J^ ^*_^JI (V*^ JjL-o J ^ii( t ol >?_. 3t?~,U 
tljjji- Lol JlLjl ,U-*> ,_^Lp Ij^ijU .^Sj>d\ jJ^J s^^Lvdl iljLill 
JJlj_vJI ii^ *_L*J SjJjl LLsLLlI 4_^L^Jl oLJS/I ^j 
(j : ,.Ja.7ll oM£Ll» <jl .3jj^g_oJl jLjj^I 4-L£LL<Jj (Hydrodynamics) 
15!>lfi^1 _^^lj ^iNl (_y«-L«Jl (U-*Jl "j'—^l 0^*^ ^ r- r ~"' °** J!> 
LgiLLiS'l j-SL»_i iSy>-\ ill*! I^Laj .^J^p j-allll jj-aJ! ^ JLg_>JlJ 

ijjJajJLi j\ (. *y./) U 4_ ; ^-j_ < Jl iL. J la : U j! i (Thermodynamics) [33] 
4»~»LuMl ^IjiJl ^i -JLxJI f-jji <y f-y c£^ jl t L^^Li-a^^iCSl 

J-wiLi^l /»jl*Jl ^ ,_ 5 ->ti '?j^>\ '-*-* ^-* ^ ^^ (_r>J 't>^ 
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.(A-_si>L; Jt "^) a^jL^jJI ajj^aJl ( _ r <jL>Jl jj_klJl jU-C- LgJ'iUi- i-_ -L*-> 
eiLpj ,Jj J? •_£- 7^-^P jJul ,—M 4_laL^wj [c-^j-J <JL^ ' *!j-**JI ( _ S J- C ' 

t^jl iijj-?- <UjL>e_4 J^ 4_«- r Ji ,_y*j tLjJLo jjL> M ^-xJl i_jLJLJI 

oUI ijlj-SC: tJ-li'i jl^Vl LjjjI *LJ_c ^ .r^Jl JjU^ tdLlJJ 

*_~<LJI j^JLJI ^ (Hertz) J-jj-aj (Jacobi) ^jJTL^-j (Hamilton) 
a,,'. » .,<?, llj 4j>tj^ rV aJ! c^ijjJjI lj^j> ._*_> 01 jci f- j(J-* *— ^j JLiJ .jZ*s- 

L ^s LaU^S ^Jl ^jL^JI i_^LSJ aJuJu>Jl oLpLwaJl ^ cjIj^Jo 



Rene Dugas, Histoire de la mecanique, pref. de Louis de : j t Jl (11) 

Broglie, bibliotheque scientifique; 16 (Neuchatel: [Editions du Griffon], 1950), 
Books IV-V. 
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JJ US' (_$JJl L$1 jy>C^\ ,U-«-H j^ ol^wJcJl ai-A C— <w>tj .Xij .A-Li; 

.ILSLaJI I a : •. „r? " jl5 ^^jj^J 4jL J-«-*-H j-* fj-^^ '— ^^ L ^ : '• ,/? " 

* f- c ft 

U_& XjJj UjLu oJa^l (jJl iLto^lj 4(_pLJi tioxJl ^ s>y i^\ y* 
jl^>- «-Uj -y> I w4jj S (♦JlaJI /jSL^JJ jl (Lii .<*-w»AJ jljJLjbj l-Lj>- 

4_jL>^5CJI AjjJaJl 4_ aJi^j jl aJLp jl5 toL-LiJl ^ -uljuk^xlj [34] 

I* 

L^-l^iJ cLoLaJI dUb i><^xJ cJlSj ._}1$>JI dUS *Uj <J.JT JUJj>*J 

JIp-jJ! L>j_«_P .»_* JaJw2.ll ik^ljj ^J^jJL iiLbcuJl obj.lg.Jl 

L5 -Lp Jj va -*Jl AjJ»«-» j^-g-Li-P 4j>t_JLJ (j-SsJ (<Jj 4 4_.jJajJlj /<-ilj-!l 

.J^joI Ala IjIJUjI (_£Jul L<a Vl ,j O-JLi («lil ( -i>j^JiJl (_r*"'j^ c -*-*- > " 
.A«JiJl IJlA ^ jj*. tSJjJLP {*_J-P ,-J 4<_£il*Jl J-9-*Jl jrlajtjJj 

oli o«iljJl JjJU>J _ o^LSLL^JI j^> ij*yjJl c_slw>Vl oJLa 

t J_*dJ _ <u JiJI ie-L^s ^ 4 Aj JaJjl «_a *jlijJI 4JJjUa*aj 4 ( JJ«_«JI 

^j f-lj-Jl ^^Jlp t_$jk' Hj ^^-j^^Jl 4(_$^1_<JI ,*1*J! < j.»T 4 l ^l U5 

LjJ^-j 4 hzlt- jS- oMSCd^ i*jj .*JUJl oLol J5 L*Ja J-o-ij *V 
L*-L*j '^x>\J>- cjL-» Lw« ^J kii LLU LgJl .Jl^-JL JLj V ijjLsJl 
ojjiJuJl JbwsNl Jb»l ^ /TJ- 1 -^ ol «-LJj«JI Jwail L§^JL«_i < _ s xJl 
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^LuljJj I.LJ 0\ A*£ <~SjJ .LgJ^p- <La1aJ| CjljjjJl JjJJ < _jJl jjl>t<Jl 
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IV 



•* * * 

IpjJ /«-^ji o-L>-j ( ^«J«jil^JI A*>JI (_JuaJ Oj>~ij t L/* j-*-c- Aw^LilH 

la«,.,ta)| <Ui^>ljj /j^>c^jI <u5w^ ^S IjJJcLJil ^jjJJlj t ^~5o»Jl «^j ,1)1 
( J>-J tciJJi a^j .oJ^- rtJLo "jA <>^i ijX>, «-Lal>-"AJ ZjjJjt^wJ \jj\S 

^Ip JL>JI jJlaj (^JJl (_£Ju-lL iJjLl* <»ljjJl ^jIp Ij^w tlgJJUJ 

4j* : Jaj| Jj ■ij-'V, J Uaj-_j tt^>xJI ^8 /J-*"^ ^r 1 ^ «^L^ Oj>^ Jj- -.-*" 
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Jlo-*J^vJ pj L^ili 4 Ig.w.uj AjI^SJ* 7>jI-~> Jaj»J -»J Lg_i jfj .oJj-LJi 4jlL£- 
j^J- Ajlij .i^r^- C-JlU JJJJJj .4jj> c-il.il t^JJl j^Juil^Jl ^pL^aJ 
.^Lj^iOl (Ju>«-JiJ j^JUwJl A_LiJl «_* 4i*>l*j L^;j (j^V. * J **■**{ L^"* 

^^viLJI ^31 ajjjJI (Jjjis (j* c L5L*j tjp-2 /^AjjIjj ^^yL^ LJj_^>ijj 

j-AljJaJJ ^yaJL^a }>- j_a ^JLllJI «Juk 4_^> J ^*J L» ^^J jl c iaJLi 
^^Jlp- U-ajl ojj-s^L«-aj i^-wojjj^ /►jLjoI jU<- -Lis *JaJL;j .^-jLj^SJI 
^yJlp 4-i-Jaj X*£- i. L Js-»~i »-kj}\jj ^^1^ j\ iji-LuJl .^-i-ol^l lijfc 

ISLJ ?-j-ij (^JJl k_~~Jl ol5 cJJi .Lf»li oUijJl t^SUcJI ilSLl^ 
jl ji^oj i>^cJ jJj ,_$JJI jLg->Jl |^*saJ ( _ r U Ijili 4_^>jJji' 015 
a^xJI ol>-Lia »j^> v_»— ^Jl U*2jI 015 4j5Jj .— Jtj^ljJl ic-Lw^? IgAiw 

J-JjJI ( J-P <w— «jJj5 <_£ j^p\ju> "ya JjJjoI ejJi ^ij -j*. L«L*jl ry> LI 

l j5Li J La j^Jijiljj ipLw? i_aJ $.; oJI s-jj-JL«JI i^~j .L»JjL» Lgj 

6JuJu>- *L-il J ; ./7->Q (^ibJl -JLiJl t-ij_4l ( V r 5o -J lj>[ t(j5J 

tjjt i»ij^<Jl i^cJl ijjLia ^ JJLiJl oL? lij. (jl - «j^5 ^u-*>^ ^ 
i _ r i*j ?li*>lU| o!A5lJL<Jl oJu T^JUl liUii _ (tJL«-ll J^i co^UJl ^ 

^i 4_^*JL>_«JI p^JLcJli .SjjjJaJ J^vi JL4 (Jl j-«Jl lj_«> L ^P k_j' t>Ji 
\^> -bjj L^JM 'J^^l (_5^ ^LoJbJl Ju-P 4_a_p> ( _ r A <_£:>L«Jl c->«-Jl 
^uL«J /»JUj V ^jIj^JI dJJi Ol ^^ .<Uiij (> J<-i.ll J _Jl (J-JaJ (JLiaJ 

^Lj>i— II cj'^lsLJLa _^>*J Lojkjj^Jsl •^JlLJI % g ...^ j5\jj f-LJbul iwuLoj^iJ 

^_a. ; .te U ^LXa jjjJaJJ CjIj^mj ^*^5sj ^>twJ! /^ Jlj>-I t>LJ ,(_£.iL*JI 

i^^^J cllSj 6j,I^_<JI jlJj^l iiSLtwaJ jj-^^-a A>- ?"LoN Jl J-s^il 

^jJl cjLk^^Jl ol U5 . Lg_JLc^ Jj^aj>Jl (»-i— -- ^jJl c->UjJj«^JI a-«-aI 
cjL>iLJ /^o jl tSj— >cl<JI 4»5JlaJI jjtijjajl i_jL~j>- v^a L|jL~^S'I /)5v<k_i 
tiJjj /j-5o t <u>_^-o 0j5o L« LJLc- ( __& oijj?-j^i obi 4 la.,^lj^ 4UiL^>| 
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^ylc- 4^.5 yjj ,_yas^!l ciUi d)}j .L^j fLill J^ CjWyV oljIy^J 
C-_>tJl 4-LSLLaJ (jjJ-Ul f-^UaJL^l !w^^j aL>JLA*>U i^ob-- ij-?-J 

xSjill Ojiy. ^° ^-^J c ****£ ir^-i < ^^Jl J-* 3 ^ ^ /*-°J .^^bJl 
sLajj 4^*-° ^^r-" (_JJ (5^L^ ctou 4_lS\J^« J I ,/?A jj. .di-JJU Ijl?- 

pljJI J-^J tA-^ t I ^"^ iJLAj 4 oJuJLp- AjjjjJaj *JjJL^>Jl (J_Jb>*J 

y*i .oLwmj>L_JIj jLsCi^lj olj.s!>\J 4_L>UlSI sJJL*_<Jl oL^-^^l 

.A*_*J| ixjlio jJl 4 - ,< ^- | J ^o~" Lo-g-^ \*_f? '^^ (J-^i 4 -^>^ , - ^^ 

^J-p Uj-vb oLiL «v?^^I jSb-»j ((^L*^!)) l^^JIua* jl 
oUr a ,/?ll ^ji JLjIjjl^ A^JLj ojjL C^-c^l yJI jLSsiMl ^ .jO-p 
dUi Jl-jL Ljk Jwojc^^JIj oL^j->U i_ijJLJl L y_*-«Jli .^JLLJi 

j\ k*jX^S> jLjb-^ ^JJ^JL^J <_£jJI 0*>l5\_JL«Jl ^o ^yLitJl i a\ ,/? il 

^yk jt-^-Lx^Jl L^JJLi ^yJl ilLaVlj .JjJL>JI 3U>*jI JL>^-o ^ ojUj-° 
<^-b>tj Uj c«i>Js'Ui<Jl cjUJLsC!! ^>c^I)>j «<jtkLjl jj-yaJl L>^>-l» 

^ JiuJ "V 4~>*^-^l ^i 5iy»JI jLyw jl ^j .JJi JJ < _ r ^UajJl 
[ \s-j >og" '-'j^-i *^' J' **j'^ Sjul (J^ - !a^-X-Xwo LgJ_^L?- d)»Sj (1)' 

[37] (_JUJ| ^ Jul; N c^b ^»^LJ j^wdl jl jLL^_Jl ^^ r*>^- 
JjJb~ ij^-j jLSCjJ j>jlp ^ jsS Jl>- ^\ i_«^Jlj ( li*>Us} cjL>^>-I 

IjLli^l Lgjdai Cjy^-I ^yJl ixJaJLjl jj^aJl <L^j>-i ^ jidLJ .Lfl 
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ft =* 

a^>is>-\ c~w^J t(_£.sLp <_^-*-» c^L; ',_y*j .Jj-L>- ^>Lr>=jt J «jL^»JJ 
Ls- ij^-j jl* t^L>t^!>U IjL*^ iJlJUl <L_JjJl ^jiCj <J ISli .li">Us>j 

^d* a^L \ i: ...tC ^dl *.L-iSf« Jb4 j! JJL» JJ Uj jii! 

Jb» J^ '<_?* 0*}lS\JLoJI oJjfcj .-jJuil^JL »_J^jI JtAJ- /y tjjl>- 

JLp o^L^s-pI ^j>t*iJ jl ^*ljtj\ -U>uL»JlJ ?>c_»_~J («JI L*Jl>-j 1 -^-*-> 
-Uj jl5 U-« JuJuJl dDi J L>j 'c$j-^l o*>l£L>iwo i]Laj .L*J_g_*j 

LaUaJ <_y£=>«J jl i 4-JL^JllwO IajLipL <^J)jij^ ( J*> CjJjLJI J IoLp 

U sj^s- (_jJuCj LgxJlSLil jV UL?-I 6j5^j IJLaj tjl c^>-l iiytJLl 

^y^JjJl Ju>JLJI J^P ^Jp jvJtj^ljJI jJ-Sj dJJJJj .ClJj ^j-a 4Jbt^~J 

jl /^»J CJ*>^JL<JI dJUU J±a .l^IJjj.o -Jt-ol^jl aJuL ^]| Cjlj-S^lj 
aJj-lP /"-IjJ IPjb L>-jJi 0>-' r »i jiji J-*J toLJjil J lil ->tj' J»>-J 

/»j_L>ol jjAJtjj ^_JLp «_)L^JI jjJDI ^j jj-x-j *JL*JI 4_^&JLo jwo 
cpl*Jl JUl cJl*^>- ^1 t-jL-Vl jl»-! jlj .S^U-Jl i^L^'Vl 
J-p JjJj jj 4_j •jJjcljLoJI jl J [V"-^- 1 ^ j-"Jl (JJjLli />Jl4j J j^-*j 

oU>l cJlS 1 ti^UJt jJLJl cj"^h£Lz~» jl jJ c JL^- J5 J^j 

>U_L«JI j»_^xJk t_«— < ^j-P Jlj-~Jl JJ L^>-b- C-4^)N t^yla-^Jl IJl^j 

(_jwb>o jl f-j^Jl <j£a*? , 1 j~oj£c1\j iJill>Jl iilsUJl lUUj (Jioj LfJ^p 

•* ft ft 

4U3U Jj£j jl J a-p^JI L^-j ^yj .ftjj J5 ^ ^L-N JUJl Jl 
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(_$ji^l Jj olv^l; jiljjsjl ojjfc .ioJliJl Ojj^-oJl jLxi-N «iljJlj 

JJaj t jL=-Vl (j^uu ^ U?Lj>-I jjSo i^dl jl ^ j^^JLj .jUj U 

[38] j*j tVjl <t! «iljjj| <ilb Jl« i_jJj>- SjJfcUs j-~jL J^i-< t_~~-> ISLa 

<Jl ^J jr"J> t<u r^ or*- 1 ^ 1 ^Jj-^ 1 ^i • jlj-^-Nl (Jl **ii 

JJLil* j-p O^d 'eP^p i^j>.j 4JlSLL« ^ JJcJLuJl i^AJI *JU-H j^ 

L>u 7^>^ *— '_}*■ " *^' J 4JL»-n jjk UjJJ^P 4J uJj>cj LS^Ij b»j . LSI i>dl 

o^i (^j U-^~ 6-° -^TJ J 1 t4 -M J ^ 1 W^ Jl -^c— i (*-! V>s~l 
t«L*LS0l ojL^JI <ui ^sIj^j jl -^^r^! ^^ J^J ^j- ■■<>'< Oj^JLj (b»Jl 

•w* j-^»-« pj-J <LjiU»- J-*-> "^ i*ilj ei-fcj tcLlJi <j^-~- <j fLJJ-U 



Lawrence Kubie: : jJiil <• £yi>^.\ Ijla J_jj-_j -(^o-^I jj^^ ci^")" Tr^j-^b -^j^l jj j 
«Some Unsolved Problems of the Scientific Career, I,» American Scientist, vol. 41, 
no. 4 (April 1953), pp. 596-613, and «Some Unsolved Problems of the Scientific 
Career, II,» American Scientist, vol. 42, no. 1 (January 1954), pp. 104-1 12. 
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AjL^J -j* j£\j AjL^aJl i_4,.,A"j jl *~^>*J t<U>t^-l Igjb AjL^a i^ft.. ' .,.,, -? ," 

A_>t^Js iJL>tj Jlc-IJs Ls^ajl Jl?-j-j jl t_^>t-i .L^J JlSj^* A^- .ij-^-j 
.L^Lp Jj^a^>Jl ^J ^L^l olj-k>Jlj LgJj-^ t>^-*-i t^' Jj-UJl 
^-^" i^y (j-t^ Jlt<Jl L Ur""' (_r^ 4 <L»la2<Jl jj-yail <^><^-\ {[>*& 
J-»-*Jl tfilJu j»ja> jl jJlL ^s^U^ jba J5 j\ Jjila JSj . «ojj^a 

tj_JLXj J-*^-*' AjLjJaJl bJL^_) ?*J^J | _Jul 6jj_vaJI J_^Xj jl /^-4-jj 

.i~>«^-*yi L^-o cujcws ^jJI Sjj.ygll ^ iJLs^l jiSl dJLi % bj&j 

jl 1—^tJ dJJi J^JL>eJLU .!>L>- O-L^-S' Ojj_s^ jiCj +Jji tdUi >t»J 

t (U-xl ^\ ioj-«Jl ^^ I ^ g >- jl ^JUj jl^ i L^JuS' »,W.2il j>Jl>iX^J 
^y* tiUJ .i_jjiiJl t^*^ jl ,_^i kj^ "^ LS^I-^j ciLLl^j jl i— ■^jj 

iJLLAj .i*JaJLjl ojjwaJI <L«-1 JjJb- ,»-£s-o c _ ? lJl J-tf-ljJLil ,_^-«-; 

tjUJSllj ^^LSjlJI oUlsai oU>^ L^ Jj^iJl ^-*-> jl\ 
^r^-5 - J-^-^-i L*-~*j-« LiIJu><lI— I A-^J jl LljjJ-g-^-j jL£ IS|j [39] 

I 4_4jlS JaJ ''Lg-^-J ^Jtaj LiLw>-i 4jjL~j Lal-L>tl>xl _ SoJlpli" — 1 U ./» ^ I 

JjU ( -^2jL v a?Jl (V 4-f-j-*^-* i U ,_^>t-; jJL2j J-s-b ^ l$J| Jj-^jjJ| 

v« 4j*Ja3 ^j-^-J ^-h^J f~?~*i iV 4_oj-v4jI l!jL>-j-4JI JljJal JUJL>bJJ 
ci^Ja IsyjaJxJ <LvslJ>- il-Lf'l A^^J ^JLp I g " a _ t? j? j </g ' 2 " O»lj-«_ojl 

4 ( j^5>jJI t Xt> Aj .cjL-Li J^-j jl *— a... tj *>5v^ ^r?«-^ (T~ ^fr 8 .4^?L?- 

U ^jj* «jLfp- L^>dJl ^1 ^IJlpVI jl 4 4jj-^aJl iijJaJLl ^L2JI jLXll 
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AjtJtj J <bl t i3 J> H J t OJ^- j ^c- w -"-"^; (1)1 /w$L*_3 tjL^jsiJI oLj^-a 
°J-° JjN OJlAjJi LajL^P e^Jblii 4~aJ»l (j\ t jj^I^J^M <b>-j-a J JaJ 

<- i _ r 2 (_$N oLoLi j^nj ol JJj c (_$jj j-^aJl ^ (1)15 IJJ .cJL^-*/j 
.CjL^-j-»Jj 4jLL« 1 ^"^ )•*- (J <oLj_U £jjJ_* ~j (JUiLjJ 4_> JaJJ Jaj J> <l)l 
jl^>Jl ■» ; <> s^j oIpJ ^y J-> V nillj ia-jj-Sl 4i">Lp jU-^i - 1 -*-! ls^J 

Lij . 4j Jidl *^> ?tvi>ljj| J2jI JJl /~« 4~j ->*jl TtjUJl /*£-«-> .pLij 

.ii5w^ ,_$V J>- iiLft jj^o ^ Jsjj-lJI dib <j-i>j 

tjlj^jL^Lj t,jji>-l ^JLp j-aLiJl Jj-aJI J*>L>«i .4jj.la.Jl o*^^SnJL<JJ 
•j-Jlji j_a j_<JLU »JLALt-«Jl l£y>sS\ (jLix^il IjJjU- *j_»JlJ\ *LJudl 

(JjjIS (Jli-L^ul a g .,r? «J 7~j^< I dAJ-U 4j>c-1j_9 ."yy^J 4-jiL>tJlJ "OjJtJi 

ju>tJ^ij .o-^JwaJI cjLsLwuJI ^i ajlp i— ij^cJw* (JjJLSj ^*«>1ju' *_o Jul 

(1)1 ^Jl wLpIjUL; *LJUJI Jail^-I dlljj 4^lJj .i*jjL5jl 4jL~J1 J^ 

( jio *Jj . /-L>>h I ffl^iaJ 'LjLS' <. 1750 />Ip ^ t^JL^I i—i^S'l 



La i'rw Nobel en 1937 (Stockholm: [Almqvist and Wiksell : ^ » (C. J. Davisson) 

International], 1938), p. 4. 

William Whewell, History of the Inductive Sciences, from the Earliest to (3) 

the Present Time, 3 vols., Rev. ed. (London: [J. W. Parker], 1847), vol. 2, pp. 101- 

105 and 220-222. 
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.JjjJl jJy ^Js- j^UJl 4-jJLl! Js-\y jJ£ ^Ju U5^ iiUS [40] 
JlpI_^3 i^>-j ^ LJ (wiJLSo ij^LJl i^oJuJl JlJUxJI ^j^ b\ 

/ySL»j ^Jl J Jl>JI JuJL>cj ,«ij ijijL>cj>- ill *->J>j ,j J.e-1 j cj! — «jcJI 

JtAi»- i-ijUijJl jUu ^j^J J^j-s ^■>i ;Jli*Jl J^r^ ( _y' LP -' # ^J^ 

t^— JLuajI *LJLkJI (_gJL) 4-j- Jjw'il aJjJLj A$LtJ dolS" ioLJl <LaS" 

i_^Jjl r—jljjjj jlS' tpLw*_SOl *JLP ^j . *J^>tJl x^J»\y> (j-^lj ,J 
4lxJL«J Lg-n-^iij _ LaLoJ 4_LtL«_a SiJ L 4Jj Jfl aJLaJj t 5iJLs>c^ijl_j <CjuJI 

I_Aj_JjJj 1 LJL^JJ <J_^JLjl 5xjLuJI Iajl>jl>hJj tiijJJl jljjMl 
(Maxwell) Joj_^5L» jjUll c/^buJj .^.ki^UJlj oL^Jlj 



<lL-c Jilj^j (i-JJl (W. O. Hagstrom) »j_^l~cL» J .j J i)LAl oJl,- ^jJL> CI (4) 

I. Bernard Cohen, :yajl tjjJj_Jl <_»ajJ.I ^ ,^-lyJl oi-» J_e- «-^U»">Ll (5) 
Franklin and Newton; an Inquiry into Speculative Newtonian Experimental Science 
and Franklin's Work in Electricity as an Example Thereof, Memoirs of the 
American Philosophical Society; v. 43 (Philadelphia: [American Philosophical 
Society], 1956), chap, vii, esp. pp. 255-257 and 275-277. 

,i_>b£)l Ijjfc ^y> j-iLtll L aiJI iAj- ^ kijia ^e- *ijaj> Jill \1a ^Jiiy -iij (6) 
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./»jJl aaJsjJIj e .,b....ll oli <L>j!j>Jl ISLabjjJl ,vJlj^j 

[41] _ r lp «^iUl OjiJl ^J • j-^c- ajLJI OjiJl <_j f-L«_£Jl JLp jjiaJ 

0j5CjL J-^J ^j^-jJjjj^ill ^ iajLia (Helmholtz) jxJj^JL* <>-\j 
^j . ^Lts- JJb- L ^s- \f-jjf i _ ? aL jl <uSUj l y\jyJ^\ i^jj^Jl jl 
Lvijl i_jLw*_5sJl Lil^^j'lajjiCD <jjJL<Jl «jjLiII ■^Jiy_ Oy&\ IJla 
^j-JIjJJI J_L« t^LJLxJL) Ojij l _ J i}\ tolj^L oL>ljjJMl oLJ 

(1)15 ^Jl t^jlpMl <_SjX~kJ1 oli ijijjJb^Jl <t-i obljxJNl Ui 
t-jj^JujiJl OLIOS' jj^-l» Jaj is^Uoj tjlloJI J^-* ^jic- 4 1630 j»U- 



Helene Metzger, ie« Doctrines chimiques en France du debut du : _, 1= )\ (7) 

IF/ft a la fin du XVlIIe siecle (Paris: [s. n.], 1923), pp. 259-61, and Marie Boas 
Hall, Robert Boyle and Seventeenth-Century Chemistry (Cambridge, MA: 
Cambridge University Press, 1958), pp. 112-115. 

Leo Koenigsberger, Hermann von Helmholtz, Trans, by Frances A. : ^JiJl (8) 
Welby; with a Preface by Lord Kelvin (Oxford: [Clarendon press], 1906), pp. 65-66. 

James E. Meinhard, (Chromatography: A Perspective,)) Science, : j b 11 (9) 
vol. 110, issue 2859 (October 1949), pp. 387-392. 
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,,Jg..«-a a^y^ <• << ■ k «JI j-^jLJI ^'i (Descartes) OjL£_o JbJlj 
4_j^_^^-i ol_o_;_~^>- ^^-a <_aJj_« j»JLj«JI j! f-Ljj-wjjJl «-L<J_p 

LSwi 4jJb L^?-j-ii /ti^*J ■Ujr^.b'l JsliJaJI AS" jlj i. (^L; iS-^j^SL^) 

ip j^^Jl tiiij oJj^j Jtij .LgjLpliJj L^iSy-j LajIjlLjj oU^~*><JI 
dibj tj^JUJl L^jjj*.^ ^yill oLjIS^I f-ljJI i-AU yp s-LJuJl c-Ju> 

Oj^Js-MI /~JljJL)l ajj^a ( j-£- j»_^J^Lil <*_>^t^Jwo LgJjJ^jj .<LS^_>*JL»jlj 

ii'y- (^-1j<^ jl *— ->^->_ j_Jlj-«Jl jj : (^1 ti-_woL^Vl cj\j^jjJJi\j 

jj^asS\ jl j-* 4_a_*l ^S'Vlj .^JljJiJl di-L; Oj>*J c-»L»-^^>Jl J-*i 
^y> ^r^^l^Jl *-^ Jj-^> Jl <— ~^> L* *U_Ldl (Jlp JbJJ ( _ r< w r ^>Jl 

ajLJoUL) Jl>-MI ^yL^.^31 jU^ tJliuJl A......* ^^-ai .j^-^xlj J^L— « 

^ ^JiJl AJliCo^ ^Jl UsL>- L*Lil a?-jj '(ti>; (Y-iLdl Jlo c«JuJu>Jl 

^L^l ^ *JL> (_$JJl ( _ r o_^~j>Jl t-wJjJill ioU-} ^J-«-f L&lj^u ^o 
y^w aJUL^i jUI oU~~l>JI i^jkJuJ j!5 Jiij . ^L^ _^JJ AS [42] 

.ajlyJlj oLj-^aJlj ISvJlSwJl a aJLtf- 'Lalj.i ^ I^"w-^^A-j 

oL_?-lj ,j-*J .LJLp jL^JNl LgJji yo iJj-^-i ^ oL>ljjJMl ^a 

*_^j_)J ii-Ul ^j-a "^i_H Jlj CftJLol i ^>' i yji jl i ">\j^o t/»JL«Jl 



Marie Boas, «The: J JiJI iL«U »j_j-aj i^^j,—-. J~\ i_j>JJ.I J.& f-lUaMJ (10) 
Establishment of the Mechanical Philosophy,)) Osiris, vol. 10 (1952), pp. 412-541. 
Thomas S. Kuhn, «Robert Boyle and Structural : ^JiJI t J_. j_> t-L^-^ ^ L&jUN 
Chemistry in the Seventeenth Century,» his, vol. 43, no. 1 (April 1952), pp. 12-36. 
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L»jLjLpLj t<UtiJJ 01 tw^T^i <.ljJ*>\ji> l -J>ji 1 >j-^>- .j-S- ( _-i2->sjSjJl 

<_£JlJl <u^_JLdlJ ( ^»>L*I j-Ls^^o ^jt> _ i«^L^<Jlj tilJliilj lAj^iajJlj 
|j_& jLi tjt-UJl ajjw»j *JL*Jl Ijy^s <j-P J^JL^-a ^ Ls ^aJL i ^l ^ 

<lJI L^vjJU J-5Llj L>j .4_*jILS| ii^jt^Jlj jlpIj^JI lillJ 4J UoJoJ 

4_wtJL*JI 4_wujLi_«Jl Ajt^Js JLpljJaJlj CjLj>t^»- jl 4-JLiLwa j-^-J L* r-^J 

Oji^j 01 ojLS^I dlJu ^jiCo-j C(5j-="' 4-*dj-k-;j tdJJi x_»j .ijiLJI 
4j1ju ^j i^IjiJI IJla 015 Jij .JlpIj^JL aIS" bwi>t» 0^o 01 ^^j 

iSy^L-a JLpIjJ ^j— J j tA^jJL^a CjLaJoiljj /»jJI 0^ t JjjL>^«Jl 

.-ipljiJl i— >Lc- <JL>- ^ ^^ o>Jl oUS ^^Lp jJiJ oLjo^l^Jl 
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V 



j^lxJlj cjLJu^I^JIj J-pI_^I)I ^_j A^sliJl iS^L»Jl i-_iLliSCi ^^J 
l^^w^ j^xJl ^yLfOl i*Jb <_£.} j^iL) tj-^x-i (1)1 Ml L^JLp U C(_pUJl 
,U-LS J^i L&LljLvsj ^jJI 4_s^L><Jl <»I^jl!MI «_*i>lj-° ^-jj_^JI Jj-*-j 
,°*£j c L» l *aV*aZ}>-\ ^i ^>cjjbJI Jj-A>sIJI t—aJ^SLj .4J vJLJI J^ljJLiL 

4jjL*-«JI A~Sjj 4jj\ -S\jJI A->r^^i> ilil <UJuMI /y> <i-£-j-»->c-« J-P t C-JL^ 
t aJUsLl^Jl (jLs^aj i <L> -SLiJl L^jli—Jaj JL>«_3 ^ 4-dJLlJ^o oL JaJJ 
4_ r ^5 ^ ^jfijjtZ i _^J\ JL^ii-aJI oL»J<_olj-; ^jJk aJLAj .oljiMlj 

L^j ~j,^»jjIj L^ujJjj .ol wJL>t^>JI /jjjL»jj 1 4il _viL>t^j t <u^u|jjj| 

^Jl A^Lj>\ * . W )L> ■?-j1aJ| v-jjJLlX—^J .4_^_»JI JL>JL>JI f-Lvipl *JuCj 

L. Sal* toUNl dUJi^j tLj-L- ^j ^Jl o^LSLi^Jl y*^>- ^ 

< jyi*J ^yi ^jJ>j^Jo\ £y> O MU- ij-=TJ (j-a *_PjJLjj .Us^yilj (l)j-£o 

.4S^XJL*Jl JlC-IjAU l^bJj>tj ( ^ r vJ 45^lJU*Jl CjUJ^oIjJI JjJl><J (1)1 
-UPj .i^alx^« ^jj j^ L» -X>- jJI (1) 4>J 4_JU i AaJ>- iw-J la"; ciLJJJ 
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fK ^jU»Jijj>l^j -^ Laj.}*^ ji jl>lLJI i_iJui s-Lvipl jji^j jl ,j>~o-i lc^^j 

Cr* J-^ "Jb -(«-S-^ ^ "^L^ "bjj-^> i _fL& bfcj_jijj ti^wJLt _^5^l 
JLi jj5o jl Jj * (h^LJ" /e-*-^ JL-JLSj jjiaj J-wL^lj jl i_iL><3j Jjl>- 
JuS'_^Jl ^j .f jJl li-* (j-« Jipljij aJjJL* t^^^-r ^i dj-^j-ll c-—U» 
lisi 1 ^jiOj -Ji^l ^^ M_r?~ ^-L^J (J^ >t r- U ^ ' JjLJI J^aiJl Ji Lai' 

jjAj^j jl Lo-S' .oLjJoilj^Jl ^p ii-_>«_Jl jj-o i^p^JJ LpL_J.| J-»Ij 

4J ja JL4j /J AS" JlJLa.'l Ju>JLijl CjljJLj*^ CiL^jJ I g ala jj ^XjI oIwuCjI 
<lLlj (j^JO Jlli ^ji U_J I j-9-Vl U-V3J-; jl ^J>- ^ .Ji'L^ (^1 [44] 
U j3 jj^^u w Ajjij La ^J <U>s_wyJ>jJ AjJUO 0-LoJ«Jlv»i| ^jl OLa-;-»->tlll 
4J*5L»_> (^p-l ^JLj-laj (»l AJL JaJI oJLL; C^-*->-v^ e-l J-^J -J^-^-V '"^T 

L^ujJj (jJl <Ipj-«_?^_oJI t^Lvis-c-l ji*; Ajj /_« I g 1,(7 *j jLs t l^lljxj 
14-* j-* "w->jJlL«JI jtS" ISI tdJJS *_*j .<_JlpVI l5 1p IjlS'j^ Oj£~j» 

jjSCj 4 ilJU- ti^-UJU cJLpljiJl aAJL i^o«J| jJiid ^yikuJl JjL-J^I 
diii 153 4j*^Jlj .as")UJI oli A.JLla:-<Jl ^ aSAxJL<J| ^^jVl ^-w^cJ 
IJ-J-aJ <-aip jl ^Ap ojili wU-lj^Jl ^jo apj_«_?x_* ^ C->tJl jl (^ 

jl t <lu jljJN jl t j-Jj-^j jl ^^-^ Ij_5JIjj jl *L»_L*J( * . , la : .- ij 
4p^«j>«J ^vi>lj Lx^Uj Lob tA^- lj?ol J^ t/yuJijjl jl t Jjj««iU 
IJIa *^iUjl /»wiPj <, jji-io M /t-fi di3i «_«j tajjUl c^tA5LL*Jl ^o 

A_v?L>tjl AjJu ->tlJi *y2jl_>^aj>sJI Uj-=»- 4 (*-^--- (S-^J J—* -1 ^^^i "^-* 
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UUj jl (U15 j^~^> ,_ 5 1p Ijaco jl j^ ^ (V _*_oI j j 4_j&1« ^jJL>cJ 
^1 jULi^l 61 -JJucJl jt _^-idl dJUi Ji^ ^Lil iJjU^ jl t J 
J_P^j N 4<Jlp jix* J_p|jiJJ Jlj^-I ^J} jliiMl jl ^^jLJJ jL^^ 

jl ^l«j <jpl*Jl *-bdli .<iosJl aJsLi ^J ojji j^Jtj^ljJl 4_olJ dji 

f. 2 

(_jl t oLiJt-oij-JJ ,_jiL~»Jl ^2j>t_4J! Jj J» /yp LjJj>- Ij-ilI^J iJ^uXj 
M L^J toL^l^xiVlj J^ljiJl 4Jt. ; ,,,^Lt jJJj L> ULp ^jxJ! aJ_«jJLj 
jjj>-j /po^^aJL; N j^Joilj-JI ij->-j ol j-a >«JljJlj .Lg_J_p Juo_xj«J 

c _> ^_* ^b^l ^^ <jV^ ^-r^- 51 Jl ^ ciLi Vj 
<_$Jl!l U twU-ljill ^ ej^li ^ja^j lyrj p^- J^ <_^ .J5LL<Jl 
-A>tjL!l» ojU-p i,^*- L* (%-j ^ty^ - cS^^ t^o-^ -^J-^ e-l'-*-^ •^i 
JLs jl5 tkiLbS" aIl^! ^ Vj^Jl ^>=r^' ^oLJuiljJJ ^LJl 
^i (Ludwig Wittgenstein) ^bJ^Jas dLiijJ ^Jj_w_LiJl L&jjJa 
j^j .IJl>- i_aJci>«_» jU ^ Laij^-j ^yt [^-PjJL; t S^-J^*^/ 1 aJ\JcS 
ijjj^s jL~£-l ^ oU t *1j~Jl ^^Lp iijJUj 4-jIjcjI jiS'l JjL*Jl tiiii 

r\l>*-i l^P /juJ^jO (J«-l— uJ J-9j . Jjl jUXP Jll /»—*-> jjJU^JJCJ <L>t>- 

l 45 l «;L*J» jl cKS^^i ^jj» jl a^jS)) JJu ob^io jJaJ ^ <JI 



La^^o |jl>- iUU S^So LSi \jij^> (Michael Polanyi) ^N^j J-^L* j>^ -U) (1) 

Michael Polanyi, : <AjS _ r JiJl .SytLt ii-Lwv« L^i-L^ ,>^-<^; "V (.r^'j *— v^-' JtA-i- 
I'er.sonal knowledge; Towards a Post-Critical Philosophy (Chicago: [University of 
Chicago Press], 1958), esp. chaps. 5 and 6. 

Aj>-\ ii^y »j^ji iuji py ^p L,jZ L-i ^L^jci j_ji. *y t ju. js - j*j (2) 

; ^JiJl .4JJ l_g_T ; . .. V ^SUj ^ )«^j ^l ikiJ! ^ \<-jfr o\i iljJ .'*i-^_j J-*^ c5-iJI ^»...:ll 
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4-.U-I aj_p ijU-^l oJL5j cIjl^- *_>jJ Jlj-~Jl dJLli jl JlIJ 
^j& Lo c LLmjX?- jl L~« is^y. ' <—*j-*-> jl ^wJ-p ol <JjJLjL 4_^jj_o_c- 

j-« Lo 4Pj-^»w<i IJjJlJ jl LJlP b\ <J\ .4~*Dl jl AijjJl j! ( _ r ^ J i\Jl 

<_£JJl *JU| f- y Jj iilll ULjCU-I 4A>^1> Jl j^JL t <J1 -jjL^JJO 
*_aj .dJLij (WaSl ■,-•»->- 1 1 4_C-j^j>c^j JjLa Jl 4j>-L>sJl JjV^ ' <u1p l.g 5. w'i 
jl <_jL«JVI j-* .iJLP Lg_> iijS ..t. j ^jJl i^L/L^Jl ^ya-*-; 4_JLiL_a jl 

JL^c^I vL5 jJUj JU UjlpUo. L. UU JIjjSM j! ^-1^1 

•X^j ^ajLsAJOl /,-« <Lpj_*j>i_s -^TJr! ^ ^^ c ( jjU2_«JI ?tJ rt ./? o 'I 
j*& JaLil; A>-Ijj LjilP «i»*J)) ?Jk..^2.< (jJaJ LjU t tiJJJ ^P L3j^j 

«LJjLc- L^i» J-*^4 <J*^ '_/ I* jl J JUj t_^wJlj tLiiLu JlaULs 
cfJUJu Iftj^Jj jl ^^Ul J Ljuo ^1 oLULlJl j-a aJip «^ Loy 
^v_JL ^ (jljjNlj L5 ^l J iCllj i-jLjJVI jli t j L ^l. 7 -^Lj .»_-Ml 

<lJ L»j 'j-~-4j i5LwsxJl oi-A iLo Sj^tj o\j .i*J=>LLL<Jlj aJ_?-IjjuJI 

li|j .JjULoJI JaLjLJl <ryJsyA <L)j-A JL>Jl><J ^J L^-L>J l4_iLi£Jl 

4^axjl Lj v3j> ,i L>cjjJu c*^>-yLe\j L*L^S ^yJl o*AjL«JI cJU-Ijj 
jli _ VcjJs Cj^AjLp ij*-j f- 1 ^ ilU- ^ ^1. JaA°i i!L>Jl oXa L Jd 

ijS>-J J-P *>LJj jSjj jl ^j^Hl ij^^jjlj 4jj_gJl ^--^ J Lj-L>J 



.ulwiJ 



Ludvvig Wittgenstein, Philosophical Investigations, Translated by G. E. M. 
Anscombe (New York: [Macmillan], 1953), pp. 31-36. 
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<ui_Li>s_oJl d«->=-J! c'^-S-JLo (cJ-f- 4-jli f"j^ cy ^i?-*^ 



L>? 



JoJ 



oJlft 4j fSjLZj Uj ..b-lj <_£.ilp ^*ip Julflj Ja— j Li^J ,Jl CjLWIj 
jl <u>o .-^gll CjVJ>\ siy\j Js-\j£j\ ^yt ipivy tjA><^ \-Q->j5 (_c* (j-~^ 

Ajjla^jj <u_>U=> jlJLoxJI ( _ ? k*^ <_^'j t^lS" liLi^Sl L^iLi^Sl ^£L«^J! 

JjjJa j^- Ja-jl^-J jl LgJ«fN-«_> idJUi J-* Mxi .^^o-UJl JjL*J| ^J^ 
oLaJj_oJI if- j_o->t_o /w« J»l j\ f-y>yJ ^-J^-" »Jj-v=» Jj-Xjj 4jLLjJI 

[46] <u"ljl>Jl ^j j_« U->j-^J (j-^Jj-^l Jl>JLJ| jil Jls i>\£ L ^A\ ^JlaJI 

C.». CS\ <UjULo jy-P iV° (*-fr^** (jJ *L»JL«ji JjJJaJoj . 1 g ... .. . "Lj j>J ( <~'l 

jl iijj^ jjj ^ LJU-J t»— o}U ,Jj!-*AJl ^jjdJl j-^S-J i-j^JL 
( _& 4-OW?J bjj_m2jI 6_La C, WpI ( jj| ( ^yajLs^>JI ASjXut ^J| 4j>-L>J! 

JlJJLj 4^>jj«j (_^JJl < _ r 5Ja^Jl (JL*aMlj .JLplj-iil {y> aLjLS' 4Pj-*>*-»J 

^/LJlS jl jJL^iJ ^>ojIj J^Jb-o /v^*J 'U-Lwul ^3 CjIv?! *3lj -LC-I o3 
J_>c>cj l*P oiLxJl ^ j^JL*j M ts-LJUJl j^j .<*£■ oUaiJl xjjj jl 

4_^pjj_^> jj-JLiL^ N (i-f-iN jl t Lc- j j-*i^ ">L>- jl 4_v^U>- a_LxJLo 
jji^jo .» j il ^[j^iLi LjjJtj «_^=>^Jl cLUi jU t(L>Jl jl 4-L£_JL«JI 
^j>-j ( _ y lu> JaJ jlS JUJl dilj !j£S .JiNl ^^Ip L_*j^ jjj k__>l_^>JI 

ft ft =* ft ft 

-Lplji /y> 4-p4^j>cJ (_^l jj-a Jw«-Slj t l-L>_Jjj j^lj t Lftij^-jj ( _>^- u l 

.?-J^Z>JJ Ot«JuiljJI /w4 L&wU j^J /fSv^J-l (5-JI 0->tJI 

jl ^jAj :kL*[£ ijj.;^ i ^-ij-la-J 4.1? a ; Sl oJjk oJLS' jVl ^y^- 
/j5L»j JlpI &i J^-Ju jj-i (V> (_$^L*-jI (*-l-»Jl Jb^b>iJ 1^j5Lw cjUJujI -Jl 
j^Ju L^=-L>Jlj L^-j^ij -y> JuJI jl JjLs-l jMl (_^p-5 .LgiLli^l 
i_^-Jl .iajjUl dlLj (_U-*j c->UJuiljJl jL iLiu-Ml i_jL^1 (J 4*j 
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4jjj../?,H ^ ji^J t J-Ji J-i L-LS" 4^1ilL« C~«J (_$JJl y&J <• Jjal 

ij^Lp <l-<J-£ -^^ ooli <_^l JlpIj_l1| uiLi^l LwL^- ^i 4-b-UiJI 
.1— jUJ^I JjT <ui ilj^U !_«_& oju>^ jl JjUo Ujl^p i_ij— JuiJl 

A*-Js> ^ j-b*t^a 4 4j A^wj (JjVI s_w~JI k-Xju (_£-LH 4 .JuJI l_~*Jlj 
jj_<J_*JLi M *lo_LJI jl ^ws^yJl {jj» 0i\ Jb *Ai .A^wJbJl i^j^Jl 

<J^V>-j t L^jI 5.. w" *^ I ^ ./> yd o-*>- t L* -J<J 4JL>L» <Ujj Jj 4^>cjjLi 
( _ 5 Jlp- L^jU>,1?7 jw U^b L^lc- dy^y\ *Jj SwbJL>Jl Aj^JaJii .LgjULJaj 
*y CjlJL^klJl oJufc jjJ ^oj t^jt-wJgJl yfcljJaJl ^ Lo (3^L» (_$Jl^ 
t tJj-JjJI (Jj-^2->- J-*->j .Jj-^Ji lU-J <L>t-JJ _« j ixi Oi <u JsljI ?tWaJ 
Jjj-jJl ^ Aj^JaJl (Jiljj Lft^i- (J,ji>-\ j\ Uj^-jiJ olLJaxll Jjij' jls 

j|j_wO ^S LCLJLw^j /-a ,»J-*^J i_Ja-^ i ^'. J (<-Jl 4~^i|j_UI (_JL>JI ^\ 

■i^-« jl LgJ iU-Ji M A3^J ^^r^ -^^* (Jj£j N ^^i .<^-» fJLxJl [47] 
t_JUs> i—LiiSl ISj tJlLJl J-~- ( _^*J .j^>wJl ^ olj.sl ik^ljjj 

«eji» AjLa CjL>.J la, .^>^Jl ^Ln-a ^Jjjj-Jjl LiCwoLljJUl (tJ-^ jjjjjJj 

4^S"jLi»j <b'jjfcl^*j liJUS ( _ r U jJlL j^i c«ul«J» «jl-S^» )) j «ibJ))j 

43 -fcj ijJx^> /y> ^«Jj JjL-^oJI L>- iJ-f- C>Ijj.,i^"11 oJjfc (J^Jaj ^j 
i — 'LlSJl ^i «ij->-j_<Jl c UL-^-l iaJ-f-Lv^-^Jlj 4_^a_jl_Jl t_i_)jLnjJL 

4X^lji v_JUaJl xjLj Lwij >(J J^<Jl ^JjVl /JucJl aJU* Jljjs y^L^J 
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OljL>J^M <_)__* ^ i-Jji Sjj-stf l_gj ^y^J (j-d .Jit l-$J 4_UL«_»Jl 

aJ-I'^m-^JI aU^Judl aJL^- JtAi- aJJoLl^j ^xJl o*>15Cjl<JI_5' tiLLJl 

l<Uj^k> ^ Lo jlid ^ '(JUJ1 jl ( _ r tfl^_»'_l Aj_^>- (^__1!j .ib-tAJl 

i_JJ_ (JjJLvSj (__*--<< /fXJ i A _U 4-j«JJl JlpIjJ iwjJb- <LiL J J_j i^>- Ji 

4JL Jajj jm^j ja^JOvJu *-L«J_*jI j^ JjwL«JI jl jj *^ Juj . i_a_~*^3 

jJ ,v_~_S jj-uLwul ^i *_4j Jjl 4_v2_>_j| ^.OjjjJl oLwS^-UI /^P oJ__>- 

jl? li|j .4j>_a_ojj t a£-jjJLj>j\ 4J*>15LLoj t « g 1 5 >J <uJLiJl .^uil 
j^p L^jjj^ l^.* jv^i i»_y>_<Jl jlsCiVl lIQj Lia Ij^JjJ Jii pUJuJI 

^ Lg_o_gi _^-<o ojJJiJl dik j| _^ -7^-^ C?u J-4-P ^ylp *-^j-*i 

.a^jJJ ^Lvil^Ml JlpI^jsJI ^Jl t-js>A]\ jj_ 
li)_> Lw_~* ji^j ,_^JlJ1 L^Xp LgJ oJl* i-^-LJ! i^j^Jl /v^J Ji 
jl ^-UJl ,Jl*JI i j^jj .L^l Ojjx^Jl .u-ljiJl J*>U>- j^j ts^iLa 

ji ( _ f o-L*Jl Jl>JLJi JJa UJU2 i__i Oj^j diiij iJ_=-lji jj_ ^ j^^-i 

jl (J^" (_^Jl L^>L>Jl J_TLl<J| JjJo- ^jIp ioU AJiilj^ Uilj>» <StAj«-5l 

^JLP- Ujj-i Jl *— ^>iJ 1 '*-*-§-* JLeljJLlI ?r..,,.,ig" jl i~^>=-J IJ-! .C_JLi_>-J 

jl c_jL»J<_oI wJI jL jjj«^i -*->-jj L«___f- lLU^j c Lgj jJL*^JI /»L»_l&)/I 
Ij'^ke- ti^Jbtj U t b..,^>IL) vciUi .rV-^l jy~ ^ ^-^^ 4JLLJI jj-^JI 

|48] c^U- J^n-^j l - :: - , j4-*-' -^ <• f-*-!^ jrr>\ J-H* ^° «j^ <^jj -^-U^ ^,5^ 
C 4_Pjj_>iw»JI «_aLJw*JI J p- 4-.i3-._o_C- j a j _S^__o C-> jl-L>c_J _j_?-i_i 

^ J^JiJ AjL-^JI oJ_A jl /ya jrjJ-^jLj tj_»_]l j^oL^oj C 0*>lS_sL«Jlj 
* * i 

I_Jip L__p-V JJLlj .LsUjI Lg_>-ljjj j^ j^l i;w<J_*_l ^jlJuaJI cijyu 

117 



\jji Oil ^j <.(-lij^Sii\j oLi^-^aJl ^ O^iUt-oJl oJ_& y *>LJ-£ 

jjjjjl *-Ua^ L^-jJj-^- ^j tj-Lf- «jL«J! (jjill t-^^o-S jty 3 ^ i_^ j~$\ 
S\j o^a t -i>J ^ aJ-fS' o^iU^a oli tlUi /»p S-/»* . j-^p *~-lx!l 

4_ajjLx_a ijj^o La ULp LgJl ^J . O LjJ«_0 1 .-J I Ju>-I JJ-^ [<-* JuVl 

J^j-j AJ t^QaXlLj ijj^JaJl ^jUj L5 $i t^^UJl j»JL)J| ol_^ J*Ai- 
oLJu-il^Jl l$_J ^jjtJo ( _ J J| ol^liJl J">L?- (_$l ti^ajjjl o1j_^Jl 
,jj_^j IxJlSL* j-o JLoNI jCI -XJL3 .^--*j "-^S! j*^ 11 ^ <_^J^' o^r^-U 



Helene Metzger, Les Doctrines chimiques en : jjajl <, *L«_SC!Ij jLoj L> Js (3) 
Fraire A rfe'iw? du XVIIe a la fin du XVIIIe siecle (Paris: [s. n.], 1923), pp. 24-27 
and 146-49, and Marie Boas Hall, Robert Boyle and Seventeenth-Century 
Chemistry (Cambridge, MA: Cambridge University Press, 1958), chap. ii. 
Walter F. Cannon, «The Uniformitarian- : la il » t L-^-jJ^—;.^! ^j ..^>_-i»_) l_»! 
Catastrophist Debate,» /sis, vol. 51 (1960), pp. 38-55, and Charles Coulston 
Gillispie, Genesis and Geology , a Study in the Relations of Scientific Thought, Natural 
Theology, and Social Opinion in Great Britain, 1790-1850, Harvard Historical 
Studies; v. 58 (Cambridge, MA: Harvard University Press, 1951), chaps, iv-v 
Jean Ullmo, La Crise de la physique :^JaJl iliCJl LSLjlSL.* J-t- f-^Q>>L) (4) 
quantique (Paris: [s. n.], 1950), chap. ii. 

Rene Dugas, La Theorie physique au : j]iL>\ c e-La^Nl LSCJLSL^ J-p s-^U*^ (5) 
sens de Boltzmann et ses prolongements modernes, pref. de Louis de Broglie, 
Bibliotheque scientifique, 33 (Neuchatel: [Griffon], 1959), pp. 158-184 and 206-219. 
Max Planck, «Maxwell's Influence in Germany,» : jJaJl tjjj_~5la JL.pI J^_i J_p-j 
in: James Clerk Maxwell; a Commemoration Volume, 1831-1931, Essays by Sir. J. J. 
Thomson [et al.] (Cambridge, MA: [Cambridge University press], 1931), pp. 45-65 
and esp. pp. 58-63, and Silvanus Phillips Thompson, The Life of William Thomson, 
Baron Kelvin of Largs, 2 vols. (London: [Macmillan], 1910), vol. 2, pp. 1021-1027. 
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cjN.}L>*-<JI /y <LLvJ-^< /fjjJj jJ-Jli- lSljl5Lwo AZ-*J jIj! cdJdi J^i 



t <_«_ 



frU-UJl i_jjJLL>tj Ujj^j . Is-jjJ^JiS ♦JuJI ^L*-> J_p- (Leibniz) 



J! L.I 



^l A-_^jJlj AjjJjI "UjW>j oLsJojIj-Jl it^<J auI^JI i. 

t^JLU^i ^woJjJI c^1jl>JUI cJLS'j tj^^Jl *1*JIj eP'-*-" (JLx-il (j^e 
_J«J -- ju Oj->o ilsl /fSwaj i>_i-^S\i t 4JLL~JI a^LsLwoJI c.'..->-«y?" Lo 



Alexandre Koyve, «A : ^JaJl tv >__W -j^l «_» 55^*11 ,y> kLc Lt Jj ,^ ->JL! (6) 
Documentary History of the Problem of Fall from Kepler to Newton, » 
Transactions of the American Philosophical Society, vol. 45 (1955), pp. 329-395. 
Pierre Brunet, : j I? '.I t y^~^ f^-r^j ^j'-^-j.- 5 fW^ j^>' o^jl^ll J_e ^_L.)>LSj 
L' Introduction des theories de Newton en France au XVIlIe siecle (Paris: [A. 
Blanchard], 1931), and Alexandre Koyre, From the Closed World to the Infinite 
Universe, Publications of the Institute of the History of Medicine, the Johns 
Hopkins University, 3 rd ser.: The Hideyo Noguchi Lectures; v. 7 (Baltimore: 
[Johns Hopkins Press], 1957), chap. xi. 
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LaJIj^-Ij i5LSCL> 4_j_. L^JlS' JjJj>JI ^J LJLp jJbJl jJu_> tiilli 

^i (jjJJCULoij .ojj^^ijlj cLUJlS' O-^-J C->L«J<-ol «Jl /)-Sj l Iju>- 
t_LjwaxJl *-U-j tii-UJl jvJ-^ ALo c 1 3 .,^«_) ( v r P 1^^^ aJ ,,/?a: o JjJb- 

i>° j^ cr'J-^ tJjlJ-j ^jJJIj cAjjli^. Jji?- ^ ^1 Jj>-Ij ^j^-* 

a~»->- 4jjjjj (_$JJ1 f-j^juJlj ^^^Jl Jj>tX<Jlj J,So tJ^-lj Ai^5j 
/-Jlii 'f *~^ 'ir"j-V. ^-f-j-«-^-*jl s-J-* ^ j ./?,c- .p^s .frLuiJI f-LaJLp 

* ft 

ft s ft 

LgJili olj-JLxJb L«_^>- jjjjLo M tJJUJJj 1 1 ^ ..■,,, J i -j-Jlj^Jl oJi^ 
(jj^l? L5 J-«i .a_SCjL$Lw<JI _ a^j^JI a^jL_<JI ^ cjIjJcJ! ^c- i*j>-LJl 

A-Ji, ,,r? a" i^lji jj^jju jj^lj .(i-^JI (JJLJlSL^J L^L-Vl ^3L*Jl 
f-Lj^i ^ Ojj^lj <• f-Lw*^53l ^ ^5-jL.oJI aJ_^J j^JoiljJl oLL^JaJ 
A50 I-^Jl ISLjLSCyi jvIp a-jjo Lo Juw«jj . Ijl^Laj tA^L^aJl ^>Lwj>- , yi 
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iw^ljjJl i_^53l 9yj t L&UJj ^jJl ^woJUJl ilj^Jl 9jl ( _ ? U- -h^> ,Jjji 

JaJai Ljjjj jj5L—u i-So! LxJL5wo ^3 jvAj^IjJI ol a^w" /-* y?-l jl 
4_JL ^1 <U-jJL Lai .(j^Ls- ( _^-p> ur^j-S ^^ ..i ^'^ l s-Ls^C-l ^JaJ ^ 

i-JSLj-J Loj_Lp Uj-^jL*_) /jj Jul dljjjl ,<J|j 4 4 ; g ^ i| oLpj_«_>c_« 

=* *■ 6- 

^jJLp \~ijj5 j_J<_iJl dUo jj-5v_; jl L £jj_ r vaJl <j-a ^j-wJJ t <Sy?-\ 

ISLjl^La .Jlp j_^5T J^a (%-P_^L) fu| JjJsJl jj5sx>J 4jLvaXJ^Lj .t3^U*^[l 

jiJoiljj (^■";"' *-°j-g-5^ ijyaJl jl c iV>^ ^^-"^-"-d-* (*-*-*■ jl) (*-^Jl 

.*_wo^>dl Ju£- 4jI.S j^JtjjI-JI ( j->J j-g-S t sJbwLP 4_^Jlp oL^ «-»->c-a (_£JU 
JLJL£j aJ_fr t j \_aljJLa j->^J ^J-C-j c ^-1>=J jl (t-^pl >-JI /j->-*J dJJJJ 
JJUJ jl <_£jj will /w« ij-~JLs .4jL^aIa C^-~~Jj <. 4jip-l Jjla ^^LjOI JudU 

.Uajl iiUl JlJLiJl ^J jjLiJl oJla Jts-I ,k-<j djJu>J ^1 oj_^I 



4_4_> 



jl J^-S-o-J ^ygl . /g7> - )/l __ r -jl-J t j- C ' j ^ T t t-* { _ s >^0y, JjLa 

LjU^J tijjjjl AjjJaJJ f-U-UJl f>_^fjJ-< j-^ L^-i (»-L*xj jl 4JL0I jlS" 

<wDjJ f j-wLgJl /ya 5JLj>-j SjS COILS' lil Lj*-P IjjLj LuL-^^j \y?-o~ a 

Uj^o j»J l.<,.g. : .iljj>- /j^J t^ijj *>L)j (. L»_ft , iLS' i_jL>-I jJj .Lij^jt 

dJUL-J Ug_j*y ^J_^»- fjJi-§Jjl s^i C-JlS' ^jJLo^Jl ^j <L^jJli <t viUala 
iji ^_^j *J L«-^ .oljUJJ i^jj^l ijjJaJU Uij «-(_$^>Jl iijJL*< 



e 
(7) 



_j^i . ( _ r ji-i ji^* 1 ; ilrt^' *^ii (James K. Senior) j ; ". ; .» .il ^-»Jr- y ti-s-Ul (7) 
James K. Semor, «The Vernacular : ^JaJl t aJUj ^ SJwaJI oli A^ljil ^iu gJl-M 
of the Laboratory,)) Philosophy of Science, vol. 25 (1958), pp. 136-168. 
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•>' J\ ^J 
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VI 



SUftiatJl .".l'ft\-t,"'C^Vi j^laj aJjIII fliajjl f»Ji£. Sj^lia 



lOl«-\! J*- Jm- <L^a^J\ -ULldl IJlA t^iUJl JUl jl 

Lw<Jl«J| ijjjc<jl (j;J-o p-y^y >* l£*^' 4jjl» 4-»U<?j. ^i IjjL L=-L>tJ 

Aj^bUI 4 Jw2j| Jt^ UL^i LoL>t-^Jl f^^s^Jj ^>-ljJj| 6-La j^ y£b .L^S^J 

ijjS-^ Jl* Mj «JUjJl ^jj^w. ^Ls> N <.jujl^- j_c »_a-;jCJl 
«Jj UJUa ^>_L*J1 <^*>c_Jl jl ^t .4^-UtJ <JL>- ^ i^" t ajj 1j ; il 
CjLjJaJ ljj5\Jj| «-L>JjJI jlj (. 4j^5j^j j-^-J a-UJL?- jJi>ljJs> v^P p-UajJI 
^JdJI f-j -JL-jJI jb .Xuij sijjujl (jl ^X>- .A^> . ,?•?>- J 4jjJj>- ojjj^- 

Jb ^ <jL5 lilj .?-j-Jl li-* ^y> cuU-LL> ?rbj^ »^j^ *dj^ ^J' jj-^ 

C AJ-S Aj3 .Li (jl (J-^ L»J (Y-LnJj <Utf LiJI -4 .,<-?' 1 oJLA /^o Ajj^J Jyi 
iii^Ja (j_^o (jl J-; N (♦Jo.lljj JJi ^S C~>«Jl (jl u* O^-iJl j_^J 

JuJu>- "JLajL U kwaJL jjk 1-L*j .j^JuiljJl ^ ^^J<j olJu-N 4JL0 
if-j^j^a oli i-j«J ^i *?-LL<i juJl?- jj-gi» oLi ■C'Ljij'. Ilj «JlijJl 
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^ jUc- JJb- ,_y 3JjJ->JI s-Ljt^l C->j^Js> JjJJI (j-wjUa^-Nl tiidjV 

• Ji^l ( _ s 1p Alii f-jjJLJl ja 

i_2j_~3 tJwajlJI IJ-ft -j l Ju La ^ t Sjbixjo oliLxj5l LWaj>«J j|j 
<$£■ y. IJLo ijULzS^li ./»UaJuu ojjSLla 4_J-i OlSj oJCOwaj 4 la.il JLa 

ij-* ^-^tj^- LgJLj A_«_wJa_U iJljiLj ,j\ <.*J jJ aJ_p 4_!L>- ^j-^-j 
.^.jLJI JjJI *-£L^J ^\j ~-kj}\jJ>\ L^Uj oi jl5 L ^}\ oUSyJl [53] 

i jy (V* j~^' ajLsjJI Cy •^i"^" f~y lJ - ^*^ ' --? •/<-9j- : -«Ji pj-> 

a^>_Lp o<ilj jj^J M sjLjJl>JI ij«iljJlj tijjJiiU ^Utfl ujLwJ^J 

^ji 4j^Ja_Jlj *JilSjJl JuJl^J (3-jjJI -^ij^Jl ^c^ iSy <_?^J 
Oj-5 ^ k^r^- 3 ^J *i 'j^ 5 -^ 1770 aLp xlka ^ *_4J_*^! Ol Ju 
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*L>_^ j*-U- aJLJI oJLa yj t^-iUJl yLJl j>JlSj o^ . ft-fr^ iijj^ 

y Jjl iliLj .aJLS" Ai*AiaJN Jj^iaJl JlpI JLs t AJgjJi.^AaJl oljUJl 
.j • l _g^ J iS^U*-"^ .Jj-waJl j-* JLJI y L^»j AJL aLc- ... ,/>r>C ig^^' 

J ajV iaJu_p JjkU^J jl Li£L-> 4JI _^ .(C. W. Scheele) ^LSL- 
a^X.1 y y^_^jSn ^iLl^l yp j^SLJl o!>U)M J^ Nl yLi, 

Jj>-jj jjLJl y t^LpiNl y- aJ (^jj| t oLojJl c~^>- y» ,_yJLl5lj 
jLJl jtx>j>- (_$JJI (Joseph Priestley) ( _ 5 L~j^j <«_ ijy- <_yLk;^Jl yjJl 
(_£.iL (JJi^iJ y '-y^ y^>- ji JS-^y -^r-^ '• i '- iI (Ik^**^ dr*' j^LaJI 
ilj^jl y ^JS" iJLP y O-x-Jj yJl «*lyJl ?\y\->} q^ : ^-° 6jb-» 

ajL AJuJai\ dlL, a?-LI *: ^JJI jLJl .>Jl>. 1774 aLp yj .LLaJl 
c«_^jjI <_5y-l i_jjL><J -*-*-;j 1 1775 aLc- yj ty_p-jyJl A—^Sl 
y JJ1 jy~w>-jJusJl y ^L*^ ^^L- (jjj^>t_i (_$^Lp e-ly aJL <oJb>- 
4-iJljiN jl£i i*UiNl aJ j>*j ^JlJI i±Jlill JUl LI .LiLJl a^S' 
v_jjLj JUt) y^^fTj^l Jli- i-iLtxS'l ^1 aiU (_$JL!l y-*-JI IJcjI (^JJI 
[54] .JUJI I!* ^ ^Jj J\ J& Ljjj d774 aL y <yL~i_^ (JLS! 



tij_,L>- JljJi M (j^-^Jj^l < ai .t.-rTL J-Lx-iJ i-iL— ">^ i-iiL^ ( y ftjUa^U (1) 

Andrew Norman Meldrum, rfe Eighteenth Century Revolution in Science - : _ r Ja_Jl 

77ie F/«; Phase (Calcutta; London; New York: [Longmans, Green and co., ltd.], 

1930), chap. v. 

L~~i; j-wii; \-f*& yp N (Maurice Daumas) ^-Uji ^-jj^I aJoJu- «-«-?-y JLj* 

Maurice Daumas, Lavoisier, theoricien et experimentateur (Paris; : y *JUJI Jjj>JJ 

[s. n.], 1955), chaps, ii-iii. 

Thomas S. Kuhn, «The Historical : _ r JkJ\ <. Jjl «_>-l J _«j J_— ^>Li_J J_t «-^U» , >U 

Structure of Scientific Discovery,)) Science, vol. 136 (June 1962), pp. 760-764. 

Uno Bocklund, «A Lost Letter from '■ j^>\ iJl-£— j_jjJ \-i\.-.< -_yiJ_j (2) 

Scheele to Lavoisier,» Lychnos, vol. 39 (1957-1958), pp. 39-62. 
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^Ju" jji ^j <.<*jlJjL> 4J.1J Mj__Jl» jL^ j-^^-Vl J-yjJl JLw^S"! 
4-jJlij)! A^?jj i A^w«j j (*jL«-1I ,y -^Lvwo ju ?tw<JLxj L^jjj 1 1777 

<jwbJu>- oyfclii J5 J_p- Vlj-^ 7-j^i <_iLHS^M (j-a Ja^jJl I -Las 

a* 

____[& Jj^S^Jl jlj cdiii «_«j .li'^UaJ AlP <LL>-^1 I", o^" V l4>=jjtjj 

< >\j>tj ^j^rj *j i} 4t_iLi>x5'Nl 4-*-~J* ( JLp Uj-*i> <_5^L '— *j^" ^'j-^ 

^JJl oLwUjJI j^ pjjJI dDi ^j-^J oLLxS^li .J^-j^Jl f-yJl ^ 
Jlj-Jl i-^ <*iljj .J Lw-Lo Oj£jj \s~Jb Jlj^Jl cilli <u1p r-^rW 

^i ILJL-m.SH <JL~. jL LJU - ^L-Vl jjjJl dlli oU^^J 
5^ _^Jii .1780 <>Ip Ju^ L$Jj^ pIjJI j^ij j^^^jSM .JLisSI 

<L1p jl ^M -J^*-^ Pj-> ^^ '~L*-> L« ^i ttJj^ jLp Jj-*-; <clJL-^I 



James Bryant Conant, 77ze Overthrow of the Phlogiston Theory; the : J&\ (3) 
Chemical Revolution of 1775-1789, Harvard Case Histories in Experimental 
Science; Case 2 (Cambridge, MA: Harvard University Press, 1950), p. 23. 
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l$S>\ J5 4Jujo La dilii t jUJl dUJU LiLliS'l l _ 5 ^*_, U jLJl J_u 

jA ^^Ii^^j 015 li| ttilii ^11 > at ,/>\j .i>-U-j ^ _^>>Jl f-lj^ ,^-s^j 

J-va^- 4JI 1774 *U ^ ,jJa> aii ^cJU^SMl jlfT (^yui ic-Li^JJl 

^ U»jI IIaj t j^i^-jJUJl ^a UL>- *ly> jUJl j^pI (.1775 aU 

* JliL 4J| j^P t l_£j^' jL^-S <UjjljiM *Lol Lol . jUJl J-o £^y^> j~£~ 
[55] 4j (_£.}! ,_$JUI 1775 (»Lp ^j> <tL_P ^Jl£- -UjjI^iM ^yjj 4j>w> UjjJlLjj 

^.UJI JUpI L^k^l Jui! Jt<cJ£L aJIS *l_^Jl» <uL jUJl JuO^j ^1 
o^J j£)j J*^ jUJl ^jj V tA-ijiyy o^U ^1 1777 j 1776 
toliLSC«Jl oJLa 4jLL>ijl^I J^>- JjL^xjI j^^v-w tciiJi *-oj .j_» Lo 
jl Jls> \ Jr ^> JJi t<u"L^ ^L^J ^Jj 1977 *UJI ^ «uN dJUij 
JiLtjo M ^hu^j^I jU jlj c^ji «^j_^ Iju^» ^>^Sj^\ 
. (4) Sjl^>Jl S^U ^1 iSjl^>Jl Jj'U £* «LloJ!» dJUi Jl>=^ Uju^ Ml 
J .,^-»-j J ^^^-SjMl t-iLijiSl j} tdiii J^U i^jui' t <J j-aj J-gi 
Tju* jl Ml JjJJl dUi JJL« t^ajL-Jl lijJo Ji» ?1777 fU ^ 
ja^m\j 1 1810 *Lp Juo Ml *L_*_;5Jl j»JLp ^ Jl*_o *-5 <ui'j-«->«Jl 
AJj .j-1p «^Lll jyjJl cjL:..j.,..' ^1 ^jl^^Jl JjLJI ojSlL J-«-*-5l 
.Hjj[a ioLo-^ SiU /»«-^'l Jii /vwjt^jMl jl5 /^iijjbJl /wJ-A 



Daumas, Lavoisier, theoricien et experimentateur, chap, vii, and : j la ;l (4) 

Helene Metzger, La Philosophie de la matiere chez Lavoisier, Exposes d'histoire et 
phislosophie des sciences (Paris: [Hermann et cie], 1935). 
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ULaa 4Ju^»Jl aJLft jU ;<ui ojj *J liJLviJ If^yc— Sj^l <*_LLxSt» 

i-.^t \X*> <*^s <\r^-*i JjA^« w > ]-*-£■ j-* ''is^' »— iui^l 01 L^JiliLi 

( jXJ .L« <Lj_«j a!l>J (_j3Ij i^i ^1 Lfji (j-JJ N ij— J <u*_wJ i_~^j 

(_gl <jji (>« 'Jj-aj jl Luis-a-t -*jLj tJi^SL* l_Lb&b*J Li blj .1 ,/3\\ 
JjiJ! LuSlftj Jij 1 1774 /»Ip AJ dJL'i^j J ^j^^SjVI jl t Wlo.t. 
dlL" JJ^b ^^Jj -J^^L oJu V J^ 1777 f 1 ^ cM <-*-S^ ^i Usui 

^CJjL) jj-^JljJ 3jjLs«*_4 (^"^ J-) V 4 I g g . JLl Lw> Lftj^C- jl JSjJL^sJl 

9-jj y> oyfclis iJLil5l i)H tdiJij 4 4_yL^*J jji^J jl (-JLlxS'Ml 

■^bj t L^J t jji^>-jJiJl j^ LIU- t\jA jlS" ^>«— Sj^l jl L^yjl 
jL> j LU_^>- ya ff _p'_ r JL ^yJuL^jjj jjh <uLJLx^-« jl LjJlSi jJ c }$y> 
j-SJlzS\j «JLftLl-<Jl jl Lugj-iil bl y^Jj .uiL.u.T-^Nl i1jjJl>- 

N/ Ikjly jUajl^» Ljs t UgJ ^JjJaJl ^Lw-Jj ioljjl jl t^j^/axll 

jl <y<-^jj V-*-* - «-*Li^'Ml jj5C AjJii*i ti_iL^S"yi Sy^lL? ^ dlib 

J* 

ob 4jj^_«Jl oV^JLaJ! J-S" jj-£o L>*u^- V| l j—Jj -Lxij i— J.k.'J 

jjj JUJI aJL* ^s EykUaJl jjiO *y j^iCJ c I j ji j cJL^>- jji yoj [56] 
j|j tSJCU^ c$_^ ,p»J V-*^ J-*A! <-»L>^^l OL j^l *1>«jJ 
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jj Juo Uj 1777 aUJI Jl^> 4iljj\ ^ •ujjlji^ aJLpI Li .i_jL>j^L 

JjJ Otw-lj sJbwb»- 4i>Lv5 ^ 4jjljJl _/?=*- 4jli«J AjjJaJl cillJ C-JlSj 

J jJ <ul «iljJlj .aJLo^JI Sjji^U L^l^j ^Jp oiUJl <^j>- «-Lo-^ol 

JuJj^ A-ij-ilj-; j j g »; 4 -^-»- p 4-w» li l*j-=r j-^jil csLLxSl /jSsj 

dlLj U>^o Ulju ^1 ijjJjVl aJL^o iJbl oJj LJ tf-L^Jl -vJlaJ 
i_i*>Lz?-l Ojio t^j^-l oNU- ^i L_ff t4_!L>Jl ftJLA ^j .^_* v yi 

; I ^ a <t, T *Co <_^Lp (^LJLj cSJuJL>- o^j&Ui ^jJlp- \ $* ./» i ^^iJl <U_JaJl 
Lft ~JLi (-ill CjUojJjI /»£■ o _*Uajl 7?jj>- jljJLaJ U r>-Lij *-» L~jL^o 

i_^ Ajli JU>- ^ jio *J ( J^>t^~S'j , yi uiLllSl jl ^j l Jjy L> ^ 

y p. p. 

Jij .j^?Jl <y> L» lstjj>- (^a^J ii^>wJl aL^?-^! jij tOjl—J-j-LaJl 

4_w«j^LS''yi j^Jj£-+* (_£jJ C-Pijl A^ijJL>t-o SJi^-^Lo ^ dJJi Jj>»— ' 

«jj-^> ^jiaPi t v^~5'j*yi <LlL~a ^s J^aJlj . 1772 *L> ^i L~Jjji]| 
^ Jlj-s-Ml LgJLjj ^^Jl S^LJl 4-*-~-k jjt.j _ AiLliS'V Ijuc^o jl5 

4-ajlji i JlPUv 4 /»_£* f^^>- fcA objJwaU ,J^»«w<JI (^^J-il ^-L-ij • J^**-^ 



Henry Guerlac, : J? ■^ry. ^j^y^ c^j f-^- {j* ^yj -JU^jVl jiS\ jj (5) 
Lavoisier - the Crucial Year: The Background and Origin of His First Experiments 
on Combustion in 1772 (Ithaca, NY: [Cornell University Press], 1961). 
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tjjLJl JlJuJl ^ j~£->. ^j^rnl _r$\ <-b\y>-\ b^k^A IILlaj [57] 

"yA i. <Uw4; C-3jJI i i. Lj*Aij j 4 o ,5.} (j^-" La-« — xSJI l)I-Ojj l_ i y^i 
Jl5j .j+JLuJI jJ L&jj^ii uJjjis j^J Jl 0ULI-S2I 4j<_wj2 y^Jly 
i-jLlxS'l Ala tji-Ml ^P luvA_b~1 J^jjJu^a '-'J^J 0*>^l<dl IJL» j-^>-1 

j^" W^ c/^ 1 i-j^3l J^kil Jul*; ( yw ^ ciUij <-,>^— S"^' 
4JL» jj^j 4^j^Jl U^Vl Ji-o j^i JjSfl JlJl L.I .^liLi^N! 
ji_d iJLlxS'Nl /^ 9y y*j tii-UaJL lJLI^SNI jL>J l^ rr ~* , $S 
jjjLixU j . ./-i-L .^,^s\ II ^_jL*-oJI * 'j g ■■■ i 451j.}L> UJ ?*_4_~J L>_a Ujjb»- 

*JL*Jl 4_J «Jai (_£JUl /»_j_ = Jl ^i 4_*-JiNl oJtJfc 3 sffli IJUjj .4_;-«JL>Jl 

4 : k ; g <Jl ^j.*yL LlLcJs LoIp li^j (Roentgen) ^^Jlojj ^L^iJl 
oJl5 ^1 c/>jjjUI JlJL^i j^j^Aj <LiLi jl Ji?-^ <u^ cC^ojiLdl) 

A_>j_4j <*_J_o_P J^^U*- 0-?t_4>jJ tf-jJLo-JI ojl_g_>- J^» L« 4JL~^« ^j-Lp 

aj>^m c.-A'-il ^c-J'j - /*— «j V( oliJbtJl cJ^ Jiij .aJLij^SJ! <U><JL!l 
^Jip _ j^iwjl L^JMj- i jjcJjj j^Ip LJJ i_jjjJl!I J-*-*-5l ij~» ^LJ 
Aj^JijI i iy>\ \a 4.<i.,a.?.,.v.j A?jjas>- iS^Si ,J-P jJL^s ^JfcaXJl i_~*~» jl 

jJ?J 4iLlx5i ^j-P J-L*J jl J-^J -*^-^ <Jj^~\ f-LJil C5^i isU^^/L; 
jj Jj t 4. W . g-(JI 4_*_»iMI ^1 ijj<j 3 AI^ulJ jL 1>CXJL> <U«_«j /i-^-'JJ 

<lJL)I jA»J t- yAJ\J 4-~*i /J"*^ ^tT*" 



Lloyd William Taylor, Physics, the Pioneer Science, with the : j \a 11 (6) 

Collaboration in the Chapters on Modern Physics of Forrest Glenn Tucker 
(Boston; New York: [Houghton Mifflin Company], 1941), pp. 790-794, and 
Thomas Wightman Chalmers, Historic Researches; Chapters in the History of 
Physical and Chemical Discovery (London: [Morgan Bros.], 1949). 218-219. 
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j-p ^-J-l5L tjUxj^l dJUJu <Lj5 ,j^> j»_pJLj ;JjL<Jl IJljJ 

»1J Jl* jl5 tj^^-Vl (j-^jl J rr ^S'l J_p «ujL><J ^jlji^ tij-?H 

jv-ij^lj^j 4_L»_c- <jyj>- {ja Ljj«jjj ( jjI pxJliJl <u Ttjuj -J i )jL>ti) 

LiLiJl Ttijj 451 jiL l yjcJjj oLLx5I IjjjI ciUJi5 4 j^u^JJJl 

<»JlC- iJlji} (_pl t^Jb»Jl *A5 (Ji .Lxij^o \^J>^Ay l j£j J L>-UP 
Ijj.} _ L§J <J-L>*_<J| ( J_i_ol J _Jl Jjlj jvJ ^jJl OjJfcLlaJl J _ avSj^JI 
tdJUi Jl iiLtf^l J3j .JbJoJ! iilji^ ^Jj^JaJl iUgJ J ^J^" 
a^JlLo «Jj Jii Lo Iki- jL> (^JL>J| ^ J iilji^l J5w Juii 

s-J>-l dji y \j$b iJ^Jl i*-iSt Mj • J1 s^^Sj s l\ ^i .^iLlxS''> l J 
/jXOjj (_j_i>ij J 4Jajjj (_5I JJ>aS . jJujjIj i o ->cJji <tJw«-P /w« -^.J' 

■* ft p. > 

J5 ^j ^W-*-* c-jLLxSI Jl» a^Jww^JI ixJoNl 0} JjJii jl L-Ip 4^\1« 
t 58 ] UUJl ^ajJ 015 Uju* 4 Jj\\ &»JUl J 4Ji5i JL jj 4JU- 

Jj Jj JJ> *l JL* J~l t^^-A *^— ^ liL-ftj .Jaj^jJ L« 15 jj* 

Jp lx*J> i_iJL5L J 4iJb-*>\Jl 4JL0T <L->Jj 4<ul ^i- 4 7tAjJl JJUi 

* > . (7") 

J5L -J tLj^ii ^-j^ijJl ^0 L^^vjjJ i^jjJLj 4di!J5 . (j^U^Nl 
4j t i>^Jl ^ ^Sll ^-.Sll Jl LJLiiryi '£&} ^L" OLC^L 
^JJl JUwL>Jl f-b«_JiNl ^y2Jl ./?>■ ^j^ JL* LSLwj ^^JcJjj jl5 jl 
J Oj^Ji 4_j_~Jl i*_J;Nl jl JjiJl Ml U (j^-Jj .ajL1^5I jl (_^i 
/JLJI jjytJ ^ ^ ^LJI ^ U (Wurzburg) ^hjjJ ^Xo 



Edmund Taylor Whittaker, A History of the Theories of Aether : _, li il (7) 

a«t/ Electricity, 2 vols., Rev. and enl. ed. (London; New York: [T. Nelson, 1951- 
1953]), vol. I: The Classical Theories, p. 358, no. 1. 

j~~i\ Li\5j . jtt i3Ui-l 4_i j* (Sir George Thomson) ijj-^^; 7-j>r ^r-J' J^* - ' -^J 
iilji-^jiJl jell j-ygl! <l^ Jju <_sLi^^l Ji^ (Jp (Sir William Crookes) {J ~Sj J S AJj 
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.1895 

jl ^^JuiljJl ^ I^JJ j^iil -xi *_*L^NI dlli JJUJ jl JLL 

U_>— »_« /r^-i rt-J °J j-^La-oj /—«-L)Jj 1 g ■ 9 UjLJt Jj! OL<iw*-j.11 —Jl 
Jjj-^Li ijjiaJ jJnJ f>-ij) .i-JL^-^Jl 4_*_JpVL J^xJJ LfJLo-KjL^I 
^..la.g^jl ijciMl 4jjJaJj i, jlSs^s A5 LfJj^i *-*■ Jii 4_^^i>bJ<_«^_£Jl 
j»J *iDJ5 .(ajjL?- jl£il oJ-P ^0 eJb-lj AjjiiJ Sj>v 0-)l£ <Ll>_^>Jl 

ij^JajJl cJui 1895 aLp ^jii niDS y ( _ r *ioJl 1j JLp Jj .^jJXvvj^ 

i. <Lj _aJI 4*_Ji j[l J_o_Jij _ f"l*_^ ill Jj-^> /y> Ij-Lp <L»jL)»«j|j <L^L*JI 
oL^S"! ( _^}j JJU Lfc-aJL> ( ^j -J litd t^L«i ?1JLj>- ijjyca icn^JaJl 

.iuiA^U ^v-Jj t^L^xii a^Ls ^j^o f-^Jl O^" U^ t(_giL*Jl 
i.LAjUJ l^io iu-^Jl 4j<_i^l tJLLxSI /^So J tjb- <_$! ( _ s ipj 
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[59] 



(Lord (j-fK ^jj-Ul LaLco jJi . k^x^s Slpj_» jl5 J_j ii__^>si 
^JJI t jjj^^l LI .ipL*aJl 4jJL^> aJl^ tj-o'yi Jjl ^i tKelvin) 
jl x_«j .•7s_ s i>ljJl Jj_&jJL> La^-J- i^-^jL^I JJii t LJjJL \js\Zjj J 
LLaP U-j^i- cu>-jj- Lgjli c<UjL«J| iijJaJI Lg.» '. i " J <ul*^Jl ix-J^Vl 
c-JlS" oLijJl dilj jl <_£jl ^jj .<_JL>Jl i* : J_<Jl oL*i_^Jl i js- 

^ij .4_»jlJLll ^JL^-oJl Cj\f\y>-[ j-y~^J ^J ,■» : o s<3 " ^ lj o ,/? o 
ji jiijj jlg-^ - <Jl^ lilj .oJj-U- ^jjjjl Ol j~^> <<$ U— <lj IjLtXJl 

Ji i >jl^jl J /jJuLxJl /~o ^Jlp 0_^j jl J-> ^Ai t ij^^i A*-il «ljl 

o-Liol L«-ijj .L«sji»j<j ol jj^ (V 1 <u«_>i*)/l ^LLo ;L« /r^JJj il«>si3l 
<.[^3yu> 1 ^5sa^JI ^i- ^ <£J>-\ jiLs?-' LJ jlS" ^jJl tix.Ji'yi lHJU 

* ft 

( _ r Lpj .Lg_J| sjLiNI jji ^ ULL* \j»j^~Ju *j iJjJL^ aJL^ ^ 
^ \ g ■ ,;Lo-^ ^_ -^ <_pL*-JI jUp^Jl ^ oJ_;JLp U-IjJI jli JJVI 
J-«-*Jl S^LpI JU-Jl ( _ r ^iil c jlliij .^UsjJl ^ fjj- 1 ^ J-.-a."-~-<Jl 
Jj IjJl^ /jJLLJI *LJl*-!l jN tLtiL*. cj >cJl Jla coils' <Lolc- *_>jLL*j 
jl 4^i dJLi ^ l-4-^j .4 la_. ,/>j <JU<3 ^i _^-*-^-" ^Lpl <_r* lj-^-ft^l 
^\ isL>l JUL; cJLiC^Jj t IJuJl>- ^AJLp- CU><LXi JJ <u^~Jl k*Ji^\ 

jl (J-.*- jjj^Lw* ^-'j-^ LvijI ^yAj .^^L«Jl j^JlxJI <JL>«_» oLJISCjI 

^£ y>ol iJu-xJl {£_f?-* i_^J •<•»-* ^ ikiJl jNl (^ ojjfcj tL^JL>-j 
.(^~ai!l dJUi J LgJLs- iiLJl ^Joil^Jl iJMl JyJ 9\y\ 

4jt-a L>J>o A^o\}>- AJIJjhj Sj-6->- j/1 /y j^*-° jl^- 3 !" p'J-9'fcw'i J' r* tlj V_3 



Silvanus Phillips Thompson, The Life of William Thomson, Baron : j W '.I (8) 
&/vot of Largs, 2 vols. (London: [Macmillan], 1910), vol. 2, p. 1125. 
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j^Jajoi ^ Lg-LS do! -lij tijjJaJ L^ijlj tA_i_o_c- oL*-SjJ> -ijl-L^i 
«JlA lju Jus-I jl5 4*>lL*i .^JuJl jjiadl ^ LwL>- Ijji jL^-Ml 

*J 1 tiL jljji J— £ \ -jA _L>-!j rt->^>- ?-& Lo-fejLp .j-a jj**^- L>- j-o-s 
ciJlSj .^JLx<Jl jUol p-?"^ L^li kllli -^j <=-L«Jl (jji THj*^ wii- 

(jl (_$iUJ( s -'>=r)'l iJL» lij L^> ^1 iLLJl ijj^l L-^J oJiSl jls 

* « =* ^ . w 

jlf- (_gl jj^J ( ^, L . 7 a Jlj t. iJL?-ij laOx^- jj^wj 4>JI *lj-* /^a ^iL.' U jI [60] 

Nl ^iUJl ^^^1 J^~ls. o^j o\ J-^^j (J j .<ilUJ Uij jUJl 

/►J .4iiLrfixJI (Jjjis /*£■ etui *A_*_i J-va^-j t->-L^a A-ljb C-^ij -*-*-> 
<LJ| Jks^-ii .(_£ j-^-l I— ~-^--> ojLp *-a i_llj JLjJI J_^*5| SiLa -?- La (JjL?- 
.Ljj^j Jj~a (_£l ic^J i tLu JUJI J-^. ».£l f*-^>- Uw>' 4j«-ijI JLo^JU^L 

•ij-^-J /»JlP ij>~&J A^Jij O-Sj-ll ,j Lai Ujl ij\S _ .-JL^ <LiL>L^ c_JjL>«J 
LjL.'i! wL?-l jLS" .Sj^^l (»jj|jjjl jlk..t.il JUJj>o i^iLp- ^j t*>ll« 



Conant, The Overthrow of the Phlogiston Theory; the Chemical .'_ r _ls_Jl (9) 
Revolution of 1775-1789, pp. 18-20. 
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(_5jj^-JI J>x>JJ LLJl 4jL§JI ^ j^Lc- lS -~z>j J^^ cJ>-i£i^ I 
JUb JJL« jl J-e- jU^Jl j\j£j ^a ^sss — ; jl LJlp c-^j J-gi 

Jl ^j^ cj^- lil tdlii ?ioUJl oljiSllj ioUJI oljL^.'ifl 

<La^_L<»JI oUlj-^-^fl j| . a j j ,/? " /j-SLo-j if (^->i LI -x gj a -ij-^-J 

(♦Juiljjl /^Jlji 'Jjj-^ (V-LnJU ijjjj^ t oULJaJl til! JlSj i. |,-ij^l j-j 

Ji?- JLi; Ljjl J dLi Vj .LjJli r^LJl L$J jf L-£ t^L^JiJlj 

t 61 l .4^*J C-Jj (_$! J ^JLxJl k±^>eJl Jjlu^ J Oj£j i^JJl y>ljJaJl 

^^lx-^jj ^^JJ oJjJl J (_gjJ jl LuiC*j tjlJJL<J! dJJS L5"lj^Lj 

*Juil^Jl J \j^J 4_Jw>^Jl AjcJ^I <-iLlx51 ^j-^ilSI i— a-S (.^jAy*- 

jJ_o jl /-x^-i i— jL^ f»-fr jS -' J' Lu-x-oj i^LUJU <^ssSj .cjLoiJIj 



K. K. Darrow, «Nuclear Fission,» Bell System Technical Journal r^jiJl (10) 
(Short Hills, NJ), vol. 19 (1940), pp. 267-289. 

ik—l_jj CjLkw^U (i^v-JjJI ( jy>-_ ? ^il Jj-I _jj>>j 4 (Krypton) j_^ J S3l j^s- ^Jyu 1 
t (Barium) f_>jjUi Ul .Sjl^- »jj~2jj tU_^i« Je-Udl ^~A jl Jl«j Nl VW*^ J^j 

|JL» j"i/ t±L!ij lO->t-Jl ^y> ljS-\^J> Ws~jJ> ^ji LjLw*!—? lJjS- Jiii j^-Nl twLJI _j-»j 

ijUi J-Ai ^ J-Liil (_ji! jSj .(_gjjjjl .JuJl _^JLw«_S' dj-c- ^->^i jl? jjJlII J^iiJl 
U Jl Je-lidl ^ j^53.l c~=xJl J-hjj «. ajL^JI (ji i^U-i^/l «jLJ1 ^y ^sUill p^jUl 
li_» J-At;j iU ju N ijvJL^-wS UjLie-Lji) : JUl y,j^i\ Jl toly— ^^i- *— 'jLij 
VJb «Ce, La, Ba» <_u£j SiLJl ilai-l (JpUJI) ^ »U_S(I J5 ^ <ji ^ ....i^Jl 
iiJj y>U> LJj i(_jj_jJI (Jl«JLj jjwa^ii j^jwU^S)) bj^ety l Cj^J • 1(<< Th, Ac, Ra» ^ 

•JLp J iijLJI oj-il J5 l _ r ailjJ^. ^jJI oJjii!l 4jLa Jjiij ol jAiJ M i c-Lij; all /*-L«J 

•.Jkil . «i*-iLi L^Jl^i c_L«^- S— .^r"-" (j^'j-^"^' dr* ^ L» jl j-^j -lSj.^-" "^it-"-" 

Otto Hahn and Fritz Strassman, «Uber den Nachweis und das Verhalten der bei 
der Bestrahlung des Urans mittels Neutronen entstehenden Erdalkalimetal)e,» 
Die Naturwissenschaften, vol. 37 (1939), p. 15. 
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\j> jJS jJai ji i— jj^ >AjJl>- j»JUJ LxJli A.J-W.JI ijoi'bll i^iLilSl 

oil ^1 i»j^l ^ ^JL*^ fW** , ^l ^J-* 1 j^ t t±UJJ AJlj c^UJLJl 

OJlJ a^j*- ysj c^^JLjJi oLLiS'Nl ^ ^-Vl Llto ( _ r *^-L. 
.AjjJiJl ^> jJj^Ji v_iLvaJL ajL^j j^Uj aw; ^Jj 4 (Leyden jar) 

oJli" Lai» i> JaJl L^j oLJ ^1 oliLii^Nl <jl> ^jj 0^1 t />- 

J*>L?- 5JuJj>- i-JL^wji' j-vsslj-p oliULz5l ^1 o^-il jl ^J J-**" 
(JuJl {j£> Cs-*->rJ Ji oJlS' _^Lp *_~-Ul jj-lll j-» C _ 5 JL^J\ cayg Jl 

oL^JaJ L^J-5 0~~-J oLjJajJl jl j-?*- .^-AjjJaJI lLLLxj (JiLxJl 

^1 oUj^l J*>U-j iCjUJuiljJJ iLLJl ol_pi}l i _ f ii .oLJu.iljj 
ol_> JiJ *L»JL*Jl jj-j* <■ oL»J«j.j1 ,_J! ^i 4j^*.1j ol _wJ<J J[ oil 

.OutiOjl JJj J? l X& JJJ jl /wa /^oJj OJl£ t "Uajl^a r^J AjLalj 

j-^sJ Mj cJLi^5"^l _^Jaj *>ii .SJlSj^JI _^p aJUUI L^jjJI 4^tijJ 
<^Lv? Loj ilij^Jl ^jjJaJlj <iy>zS}\ j-l*2j LjJL^p N| *Juil_ r j AjjlaJl 

5*_«!)L«Jlj «_a^A_*Jl oi_A J-^ L ySjj»j OJ-J 0^yJ>- i—JLtjL^I j£ 

ys|_JaJl J^>->^> ,<-J a .o ^ L^wo eJ^>-lj (^1 7^>tJJ »Jj -W^l Jj-v*_Jl 
IjJ-s^-c (JUs-^l dUi jLS"j .IJb>- l-L^- La.J9.-J iiJbi«Jl iJL^iJl 
kJLlxS"^ oj^Ul vaJUJl >Ojij ^gJl ^ijJl (»Jlp o*yU» ^ iJuJ 

frbj^^JI 5^JLoJI I yyj\jj^>j\ ^ijljus (^J 1 -^!. O'j-XP'li . JJlJ ly>- 
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*-J>j <JjL>c_« ^1 .^?L>T_ji jl ( \_« iJu«j <»j $'a * il IJL* (_$^!j i *AjL* 
s-LJL of-jJu_« s^Ji^/j i?-L>-jj iJL~4^(l> liUij ol?-l?-j ^ A$L»Jl 

[62] ^.j^ ^y if (J>-^i J-^j- 4 £° u^^ (.^ <^1 <J-*^J (»-fc^ 
jl) *Ul ^^J j^^-Ul ^J-* (>» J-^lj J^ JjU- L>JU^j ..k-iJ 

jA-i t4J}/l /fP »^>Jl -^L*-;!. ^-*-> AJLJJaJI oJLj (s-LJL) <Jj-v2j_* \+Oj* 

pJ L J^> JjJsJl JL^Jl J-* c^ •f--!a r ; jW^' ^^ _H-k -^ -^^ 
i>^-U cJl£ ^L^-SJl JJLJl 0>J aJ/VI o^jU^JU .ajUj^I 
^jVI ( _ 5 Jlp j^Aj j»_fjJuL o^Jwa-Sl 4j>-U-jJl lj_L^ ^i^LJl o^ 
jl t--^J <^>Jl 01 'j- 4 '-' 1 -^ ti' oi^ij^^ 1 <J^ ^Ji ^ <J^J -OjiSlj 

Jtai OJlJ 0j^>- oj^-l) ^-Ul jL^>Jl LI .o^>Jl ^ Uj>wo 4JLJL>J! jJ 
J6" «_gJ cui-lS' ( jjI aJ^j\ oLiji>tiJl j^j^-* ^ L OISL ^ j^jo 
.(£y>-\ a-^jj f-^ Cj^/L- jUI ( _ ? JLp . g : a ^p j coU^i (_$JJl IJLa 
jJUJI OlSj ">jj-fk (^l >— ol ^Jl ^jUeJl jU t<iUS ^^Jlp sj*>U 
Cwiiil ^yJI i— >jL>ti!l LAjI cJl5 tL^wa _^i£Jl i$yr\ Jd> t jJKj| J i 
Lois' -Jij^Ijj J j I cjjij dUJ-|j tluLvJl ij^^JajJ ij>L>- Jjij*-!^ 

Ju>- ^jJI t^yk aJLLJI Aj^liJl 4JLL«^U ZSyJ^<d\ u &$\ ,a-*JI 01 



I. Bernard Cohen, : jJaJ! ijjul 2^f jjJa; ^ iiJbsi J^-'j-* J* 0U9M! (11) 
Franklin and Newton;, an Inquiry into Speculative Newtonian Experimental Science 
and Franklin's Work in Electricity as an Example Thereof, Memoirs of the 
American Philosophical Society; v. 43 (Philadelphia: [American Philosophical 
Society], 1956), pp. 385-386, 400-406, 452-467 and 506-507. 

Whittaker, A History of the Theories of Aether and : cJ J i-&j-*aj-* Sj—i-^l 11^>-J.\ 
Electricity, pp. 50-52. 
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4-> t . J L 'J | ^l «LsJ_^2-!! ^j_a J_m2j-«JI iukjj (J-jLLj^) j_Jt_^ jl j^S" 

aJuJt^- s-ljJl L^l« _ r f^ (_^Ji L^JLS" oliLi^Nl ^^L^ai- c(4_*ijX<Jl 

4jL>- ,1jj>-jJ ( J .^.^.aJI (ff^J-J^ • ,j/2jL^>«J| 0-L* La-JLJj .jJkljJaJI j^3 

*_* LJL*- ( jj\ jj t .-.Jo (J j „f-> •>■ j^J tjj_v2-iJI (_$jJL^«^j EJlaLJL«JI 

t j^ajL..^'.>Jl ojL* jl ^S> \A$ 4-«jJ .-Jypljjl O^jJLa ^3 i-ojLia 

j^Lt <_jjU=J <_£Jl5-| ^j .L^Jli iilji^/l aJU^ a*^» Vj ^ ^ LgJli 
jjJJl ^UwiVl (Postman) j L>jl^ j_jj (Bruner) j-^jj-; jLJL*Jl 

/ys ^i>JI JlSj .Jlplji; L> j£\j>u>j sJuJI j~P£ \^i> j£- ,■> ^.Lfr l£*i> -P 

4-*_)jl 4J&JJJ flj-o-P- ^Jj^-wO iLo< jtJjJ iijj iiL^ t*Ala Co.lllx_<J( [63] 
^S- oJj-Ij aSjj ( jj> j& ^ja <Loy>xj sjji J^ OjJJIjj .*taj^j (_£jLo 




oJ_& C^JLb J_2j . LfcJ_jJ^>t_j \_« , ^ « . <y ■>■ I a_i_S_«_J l y0 j^->\ a_\_a 

(jljjSH jl ^ c4^~>w <iibJl JljjSfl ^J1 i-^jJL t cl;i-L,Ju>*j! 
.j^J jl ytlii i^jj jji {ja <j^Lp LfJl5"j ij^i-b>- jj t ij^UJl ^p 
<_«_ijNl (_£jljw>jJi /t-SjJt oli iijjJl oiJu>- cJlLoJl J-.-— ' t^-Lx-J 



Jerome S. Bruner and Leo Postman, «On the Perception of : _, la ;l (12) 

Incongruity: A Paradigm,» Journal of Personality, vol. 18 (1949), pp. 206-223. 
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(i^ ^f-3 Jj^ ir°J •'SJ^ J J **!j' j' l^J^ ^-IJ 1 l -S J ' lA^ ^J-^l 
jl Jj-4j jl *—>«_> /j-a -^J-d * ^1 i_^~J • ^JLLw- ^o - ^ LgJJLpI 

c^>o! LiT .s-lj^j- ijJL^ 4J ij—V! jjUli _ l^J L» Qa>- ilLft ^SO 

* ft ft ft 

j»Lill Jjl^i 4dJJJ ( _ r Lp lj^k& .,1.3 jj jji ^a f»E-w>r ,/? ll JjJu>tlll ^-a 

cobjl 4 4_oL*JI _ rr p Jljj^/i y 4JMj jl j^UjI ^j-v J-«-*-N 1-J-f! 
ys J~^ ^^-^ -^L^-* JLSj .!A--Li i^j-J-N! (iljjVl JuJl>«J 4_;jjw? 

4j VjJLa x_a 4->jJja_oJI 4_as-^>L«jl \< IJ_il lj^S\-«JL> f»J .jjJul -<?L>w> J I 

iSJJj 'f* " ' ij^j-*"^ Jj_*_a j-*j 4 5j_o •—^-ijl J-«-j ( ^j>-j .4_),3>-jl!I 
4j^UJ| _^J> libj^H i~~J cJlS" 4 14.1 JLa>- ^Ip Aj^UJI ciljjNl iilj^N 
^Ip U LJIpj .4i<Jl ^ Sj-Ip ^ jiSI LjL^> IjuJu>J ^Jj^J J ^1 

4ijj eJLS" jl ^pf Nj jNl LgJjJ La ^jA V Ulj .c^Jl dlL" 
[64] i^g, jjij L*p jMl J^La ^J> ^jli} ( _ ? ^- -tijLj^ &jj fl ^yj^—; 

j^ t5>- C^ 1 J-^-^ 1 C> ^ "'c^i W* •L^-^^ Jl ^JJ " D J>^ 



LSsj tu^wil ^i_ r »»4 jc* <ul jLtju^v jj^j ijj-^rj .218 ( wc t<u- j^ j-U*ail -j^^ (13) 
_^ j^l yt, iiLkdl j-p (Jljj'bll J[ jJiJl jl Jbi tiilJi |^*_) IjLi SJuJlj jLfi-L JAjCj L« 
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iJU^- -jP LtJLaj Lla..,^; Uak^a _^jj L^J^S 4 Jia-il ^J* j-iUj LgJl 
Oj^ji J^p-jj J>- (_£iUJIj *3ji»jl jjt ^ j/l uj\ ^9 ejLxi-' i£j>*i 

jl Ju N ,*-^jl iJjj^ jl j^ .5jiUJl ^p Sy&UaJl oJLaLI^ l$j ji-bj 
(Jyr -^ *'c5*^ i^JUJl Jajy L4JI ji j^Lp- f^^y-S ^j If^P *-^J 

^oUJI ^p >«ijJI (*-i* oiy&UaJ ^jJl di!j j| ."5LS Ik^Jl (.s^^-* 
jLS' ^JUl ^^^1 ?^-v2j jl ^jll ^jj^iJi c^^jiJl Lfj JmJ o^i ?euj 

iJL«jJl jib jl oj5I 01 (_yi J*** Jij -J-o-iSl Ji t-iLiifVl Uji^ 

c^^LJl jJjJI J^>«4 c^JJl ^~~Jl ^jj^ lJi_J jl ajL^jJI (_ji L^^j 
^1 J~»l yfc Ju «-L-iVl jj» I-XjJl>- i-iJ^x^j ^ <_£JJl dli-^Jl j-&j 

Jjl (^Jj <_£-U oLp jjjt^JS Jj^j <• rt-L& (^1 jjJaj iJ-o-P ^ 

( Jl^ J-lii (jJl oljj-sAill ^*-^j tc^ljl^Jlj L^l>Jl ol>Jio,,i<>/v.ll 
4 <^.ijj a-^^JI iJJJj .ijiUJl <ut*Jl L^LUjLi I^i^jLLo />» -blj^-« j>^ 
j- ^ -* "J o^^-S" i«jLL» (J|j t^Lol ^ijr^ j^t-^ J 1 -^^ jJ], '• i ^>' /y 

<.[J,j?-\ A^>- /^J .-bljJU (J^-J iJLaU*- f»-L>ol jy/>l ^iiSJuj .(V-sj^IjJI 
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j^o U j _ g ajllg.7.1| AjLiJl ^ 55 i j cjLjjJlx^JJ A^^ii JJ tic-j^j^Jl 
dUij .(Sy>A A^jjia (_$L) LgJ j ,/? >■ ,j£-*-i M t Ajjb: llj Sjl&UL<JI 
<LJlJJl L^JJtfli (_$JuCj <uJj L^J ^JLUaiJl LLSJl ^ a5jJIj Awiidl 
L*L*>| £u*o (_gjj| ^UJl j^^' ^J- 1 jr*-* .Ujb aJU- jjSJ M ^1 

ijl^Jl J t^ijJ ^jJ! 5«jIhJI iJujl>J jl (^5C«j M ci«ij^ * isLUjJ 

Ml o^Lp JUb>Jl ^^Jaj N c jL^?Ji ^ji Ujj^ l>^*-j -^J^Jl ^Jl 
iijjj jl ■c^Loj t «ijij jl <_^>o LJ aaJjJI a^jj^oj 4(_jJUl ^a>wJJ 

JlP Nl j^" V f^J^ f ^ *^ Jl .tlaJ- <uU I jia OS U U^J. jl 

" *■ f- 

ML^o JLxjIj 5Jj> jiS\ *ju>\jJ\ j!5 LJL5o . ( *Ju.}l J Jl Ia^^j <4-^*" 
^iSI t «i_^J aJ_o sjjbU? i_p-j (_^Lp ilMjdJ <>ji^j <_S-JJl ^-ij^jl jli" 
<LoL<«j| 4jL>tJI (eij .(t^kjil wJI -~w*jJ <w»,i ^JLJL LxjJj t<Lw^<L^?- 
L5"l <>-j ^Lp IgiLi^Sl j^u^ SJtfU jJcJI iajLiJ j_y>C c^Li^fT^U 
jj-£j V (tJoil^Jl /»}L~jlJ jL JLiljJI ^>j -^^-N J— ^1 ^ 

t 4A?t-i *_*fSo Jjj^Ij /J PU>-L*j! jl_i /v^vij 4-sjlioJI jli I 4Jj ^ ... 1 

I jt^a ,4^-1-^ -^-*- = T _ J>^* 4jiLJL>- 0\ ./»-^o-v2jl i<^- ^UjIaJI A5 Jt*Jl ^3 
J-Jj Mj jJt> j| <U»jiJ oJjJl ^ aJ-P olj-JL>«-4 J-o Jj-^J L« LJLff-j 
Jlc- ^Ul JLi3l Jlj t^iUJl JuJJ AjjiJl AjjJiJl ^JaJl JU 

.4j|j> Oj;^^ Jl (JjjJaJl (_$JlliJl tlLLwaJl tl-Ui J-xj <Ujj^ 
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VII 



C-Jl5j .-JjjJ-_>- ^jJl Col oLal g .A j\ (. .^Jt-olj_Jl j-wJt-lJ L-jLw-xl 
*>Liii tUajl olJub oliLi-jTVl oJufc LjJLp OjJaJl ^Jl Lfl5 olj~Jdl 

jjJuLo-i jLff 4 J^-*j ^-9 uiLlxS'Ml Oj-^y. jl J-«-ji .of-LL L^-j^S" j^p 

Ijj^-aj jl jl . -L-» :; ]a1l ykljJaJl ^ ^j' ^L^*-" IjJLluu <J' e-L-UJl 

jl UjLJI oiUJI oljJL^J a A^_ i^ ^M^U ^i J^->^. 
jjjLwJl ,_J<->_>ljJl oLjj5C> JIjljl^Lj t4^v_aj o-sjJl ^j . o!*Ij_>-NI 
<Jilj_j (U^ajI IJ-* ,v <^ NU-jI jl c--XAjj ji c^sSj .ij,J>-\ cj\jj$Lo-i 

J> ^1 dilu *-l_±__---J t<_£.>l*Jl jJUll j~fr i-Ja_*_lJI oULt^Nl J.T *_4 
jl j_-.fr . L^_1_--jS>L_LXj N L^jJi_«_>s_> 4_*JJ^-Ls C-JL-X-J C4_L?-L-L-i /wXJ 

Ss-LlJIj -uaIji^JI cjIj_;_J<jJlJ .Jl-j-jJI jjU___<JI c^~J oliLiiS'^fl 

C^li-J^l ^.i jla'.lL; 1JLJ cJj_~- . J../8--JI IJl* ^j .oLkJ-j-slj-JJ 
..JbJL>- cbjJaJ J'lJbJ Jjfr 7m ( jJl tsilfr j-^^l L^x! tA^jl__t-_JI 

JL>_^ <_-]> AjjiaJlj jxiljJl jl l _-lfr L-bLo- jb-jJl L^J-i> jl J-*->J 
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i*Jb ajj ya-i aj_>Lw> 0_~J t^lJbNlj i-JLlxS'Vl dJJJlSj <./»j-L*Jl 

«_jLij5i ^ Jjt yt l _ s LLu*jjj /*JbJI jL -UjL (^JUI J-^iwJl <^ljJl 
_Uai .4JL0L?- <d tdJUi jl*j <pjjljI <ujjlji"y *Jl*Jl olj ij^^wft-^j^l 
wLx_i <lHJLj eJj^u /t-^ 4»_iLlxS'l <ul l X& ry*>i-~£ji\ Jjji ol (J-— « 

J>-IjlJ! JL^ 4dlb J5 «-»j .Usui <_iLii£}U L*^i *— y ol UJl^ 
JwSLiLil ^ Lf-i jiajJl «J ( _ y iJl oliLLxS^I f-ljJl ojj .J->LkxJI j-J> 
^ Njj— * 1 JiSfl Jls> oiyUj L^o j^Ij J5 4( ^j jj t^-Vl 
4 (Newtonian) iJ^j^jJlj ^L^Lj^jSj 1 ! aj^xJl Jl» toLjujIjJl JUzJI 
^ 4Jjjw> ^j *J I4JI Uo . (Einsteinian) i^L-l^Nlj t^Lo-iOlj 

ijl ->JI i> Jaj jl t4l>-^<JI *j^iJt <L> JaJ L^U>t^Jt (vaj^I j-JI (3 ol,~Ju 

Lijo ol jj^-o-; <— i-.xa .Aij-/» V-^° oJl^ L^j i toljjijl /y= Jil oJlS" 
^Jl A-^-^J (_$iJl IsLiwJl j_aj t^iLJl *Jo«Jl J-* oJ-» Joj objiaJ [67] 

J^pIj *>ULo_« Lc-j <1)L JjiU Jo-I ( J^aJSj Mi t ^J&ijJaJi ^* oJbJt>- 
Jj^-j .L^Jj-3 /j-Sv_*j ^^yill <LjJiJI oI^^j-Jcj! J->-j iSjJj*^ •^j— 1 j-* 
oJi5 JlaJ .LJ5 b>-j^?j tw^Ij ^yitJjbJl JJjUl Ol (ji"! c<JaiJl oJu* 
^yjZijjjjS jM^J AJ cA^-s^aJI ijli«-j ^^-uj^JJaJl diU]l «JlP 5Jb- 

o5jj>Jl L^\ji ^ ^JuSl^ oUL^-l cjJUj^I nJJMS . -cj^iaJ j^ 
4j^ii; ^i jj^jJuJl iLiJl I^jLIiS'I ^1 oUjjt-s^Jl ^jic- UJj bU^pl 



Alfred Rupert Hall, The Scientific Revolution, 1500-1800; the Formation o/(l) 

the Modern Scientific Attitude (London; New York: [Longmans, Green], 1954), p. 1 6. 
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o^a-P ^» IfLe- j'^Lc'Vl (5_r^" Lyj^H ^j^ i\^* '-— ^" c5^' ^Tj-"-^ 

jt-Lp jJj JJii . (yj^ *ij^ lJ^ ;V^hj— ^H e^LW.tt.L^'^flj i_^>JI 
S^jkUaJlj tA-^jjJl oljl^j>Jl Oj_-iVI ~_^j><J| S'La—LL cJ»L?-l 



Marshall Clagett, 77?e Science of Mechanics in the Middle Ages, (2) 
University of Wisconsin Publications in Medieval Science; 4 (Madison, Wiss.: 
University of Wisconsin Press, 1959), parts ii-iii. 

Alexandre:^ t^JJU _ r SLs ^ ( _ s J^._jJ1 jj-^jjJI j-zjLl^ j^> b-Lt i5_ri>-> .1 ^^juj 
Koyre, Etudes galileennes, Actualites scientifiques et industrielles; 852-854, 3 vols 
(Paris: Hermann, 1939), vol. 1: A Vaube de la science classique. 
Thomas S. Kuhn, «Newton's Optical Papers,» : _ 7 JiJl <-^j^ J-e- £-!>U>^U (3) 
in: Isaac Newton, Isaac Newton's Papers and Letters on Natural Philosophy, and 
Related Documents, Edited with a General Introduction by I. Bernard Cohen; 
Assisted by Robert E. Schofield [et al.] (Cambridge: [Cambridge University Press], 
1958), pp. 27-45. 

Edmund Taylor Whittaker, A History of the : Ja>\ i£> J.\ hJ^U JL4X J* £>U»*>VJ 
Theories of Aether and Electricity, 2 vols. Rev. and enl. ed. (London; New York: 
[T. Nelson, 1951- 1953]), vol. 1: The Classical Theories, pp. 94-109, and William 
Whewell. History of the Inductive Sciences, from the Earliest to the Present Time, 
3 vols., New ed. (London: [J. W. Parker], 1847), vol. 2, pp. 396-466. 
Silvanus Phillips Thompson, The : yiJl t ojl^J-l LSL^UjJlII Jj> £>U»MI (4) 
Life of William Thomson, Baron Kelvin of Largs, 2 vols. (London: [Macmillan], 
= 1910), vol. l,pp. 266-281. 
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UJ-i-Jj tiLjJa OwUj (*3_fl\ fJLf O^/b- ^gPj j>lj tAj^Jj-Jl ilL>Jl 

tSj-^ ol-wwiJj c j^-kjjI—JJ L*_~»lj I _w«JJ i J b "^ o\S 5J_iwU>- 

/yS-4-i Loj . jLo j\ /»J_*j ij-*-*-^ is*^ jj**" (V° o -X5 c 4-oLe- ojj^ajj 
c3U-j~| /^ 1jJj^-» oL«NL; jj-x^iJl *jlp jL5 Jtii k^JI Ai^j jl [68] 

* <■ 

(jl5 cUjkJbo (jJj^l j^JjaSIj ?&~~<JI i!>L* J-i ^^^J^l (j^^iJl 

/»»J>iJUlJ ,-J<JL«jl *_vi>lj-«jl ,j-P J-^Jl (C^ ,LaJL» (j"^^*" 1 ^* sJ T'-> r*-L*-N 

Nj iT-l^Jl dJDi (U-o-j fli jj-l p-L-^ f^*J -^j^ ,i-^j ■ | — $\j£l\j 

"L^u-U^S" Cj-Ji >« ulj L>-^JJ J-4^J^~J ^^yn Ala.Vi iiJ-Lljl (»-"-*• tJ'j-i 

oliJj CjD Jj£9 ti ^liSJI ^Jl "Lw^JJb Lai .j>i?cJu <U-2Ij>c-4 4_^j_4j 

?"-L>«Jjt /v30 .Oaj^&j' O ■..-■>- y ^ tX*j j 4j OIj^j JJL« ^-- a-o— Uaj 
^1 4^jJU .Lfi St.15" b-Uj lJul jSju H A^JUJI Ajjiad! ^L&JlJ) 
o'lj -J ^jjlj^jijlj ^^x^ojjl \_JljULpNl Sj-sL-aj i Slj-£Jl «_s4>!j_o 

C-iLijjjjJl <iUL; ^ J%sNl f-j_stf>j_a J-^-^ 1 -^J .1 < ; Lp Uj-sA>rJl 



Fritz Reiche, The Quantum Theory, Trans, by H. S. : yiJI 4 l£Jl ijiiJ ^U ^Ai^^U 
Hatfield and ficnry L. Brose (London: [Methuen and Co.], 1922), chaps, i-ii. 
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^}\ (jpUjI i _ ? 5lLiJl C-^x-SS i^wjjjl otAS\-L»JI -y JuJbdl o^JwaJl 
4Jju>t^o o .ij LJlLa LaLoJ 4 ^ai j_»_Jja_> s-LaJb*- j^o Oj^-JlS' Lg_gj>-lj 
4.J ij 4-wJi 4j ,.kl'.'|j AjjLo^JI aJj&ULoJi /—j *_*j>jl C-3J g" ■") 4_g->l-J^ 

.j-1p (j^'^JI O^aJI (_<J j^j?J frlili- Cf> I j (_£.>L>J! c~>*-iJ o^^S^L* 
dlL" jl ^i^U ol Jjr Jl J^ ol^Jl U M J J Cj^^ ] *^j^ ^j 
• cfy* : .' f"*^ ^i ^-^ ,^1 lLUu Jju 4>t^-U ji5o o \jL>t^Jl 
jji J-* t^j^Li dj-S^-H\ jLS' tL> JljjJI ■>_>-=;- j ^MyLsl lA*-* 

^ j^> J kj pUaj ^ L« JuJ-hj *l^-j CriJ& {j*- ^01 ur^ ' <— stAii>-l 

Jij /-o jl£vsL jU^ ^/yjJI Jjj-*-; ir^3 -4-S'l jujI ^jljjJL .^LkJI 

. ji-T jLC ^ Jl_/il J>fr ii 

^J| ij-*j dUi ^j-*J ' f- W . 1 M\ oL)jj»-, ^a SI oi_A iJj-^ c-^J 
[69] JU=;N! i^J Jlj c^^SCUll JuliJl C^U>1 Sj_/i. 4-^^U- oUUail 
.^jJl J-s^aj- jl C-wJ La j-^Jj .ipLJaJl 1— 'L-P ^ ^j-^UusJl j-^ 

cuJLiJi jj-lll Jji ^i tj-J-LaJl (Alfonso) j__Jj_iJl jlSLoL jl .^\ 
<(JjJ- Jjwp sjLij^.1 Jls jLJ 4JJI jl jj 4jJ *>*jLi jij^ <J' tj-«^ 
<j;lj tjJup ^iLJl Ojii\ ^j .«jl>- i^waj o ^yiJj jlisi iJLJl 
jl (.(Domenico da Novara) Ijlijj b jZL^ji <, ^jSiJjjjS J~oj 



John Louis Emil Dreyer, ^4 History of Astronomy from Thales to \j la ',1 (5) 
Kepler, Formerly Titled History of the planetary systems from Thales to Kepler, 
Rev. with a Foreword by W. H. Stahl, 2 nd cd. (New York: [Dover Publications], 
1953), chaps, xi-xii. 
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4jI^J ^y '(ji^; -J 4jjj ci-UI <_$^-«^ JL-Lidl ol Z)e Revolutionibus 
^.jLJI jjJaJI /^a ^jill • r J-^Jl (eJj .-k^~j> ir^'j l£j-**" ' t— JUa-o-ll 

jj^jJLi lj-?-lj <jji-ll ^j-s-jjjj^I ^j-iLLiJl J-^ail JJ-fr ilij! _ r ^-< i 

oL>^Sfl J^ J> ^iUJl t/ ^ll JoLiJl jL^j! j$L J tl*J»j 

i_s^^( J LA -^' Ls^j^- <jt i^Jlta (J[ ■ iLsaj .<l v ?U>- "jj ■/•» * ajjtJlo <uL~^ 
j_s^p ^J (New Platonism) tj^Ju>Jl ^Jj-UtAiNl 1—&.LJI jj-fi=>j 

(J^ilJl jL-gjNl j! ^P .Lv2j^ L$j-^"' 4 -^-° *-^*hJ^ j~fi\^£-j ' ■Wa^Jl 

-JLc^ jLSj - jw>C Jup 4JU- ^j .iojVl J^>-p J^ij c^JJl j^ J^^ 
tjL^jNl cJij JuJu>tJ ^i ^^L^l J5^-; <u-£-a o">lpl o^Si ^^iSl JUj 



Thomas S. Kuhn, The Copemican Revolution; Planetary : _, la il (6) 

Astronomy in the Development of Western Thought (Cambridge, MA: [Harvard 
University Press], 1957), pp. 135-43. 
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.Jji^ip-ML ivs>L>Jl t<ujjljj*>\J t ^r^5'j*yt ^j-^ j_H^ c-JL-i <_^l 
[70] JtJj^ SJUJlc- J^'j^ <ju*-*-?*J j-JLp ,j-«li5l Ojiil j^ cjUwjjt^wJl i _ s ii 

<J_^>- jl L^XA-Ja J»J- ji^-jJ-oJl (J-t^J r%Jj te-l~*~5JI /»_Lf- (J 4-«JI 
4jL~~oj 4 J?j-» ./> oJI olj_g_!l fLo-ii' j_^Ja '. Lowfcj (. A-vtf'L?- 4_wO_Al| 

£jLJI j^iJI ^i Iju jl5 JjSM JwoUJ\ ^L" jlSj .jlj/Nl oli>U 

jL IJjIj 15'ljil lj5jJb jl Jl j^uL^Sjl J-^»y iJpjJwiJl <^lj-§-il 

aij .LjL^-JCJI cjMpUJI J 11?.'.; !>L«U. jj5L> jl ju N *Ij-$JI 

N jl <j^L»_i Sjj^aj ivi^Lp c~Jl5 _ aJLJls oUhii— <l ^Ai~ L« t jL*Jl 
j^-p ^ j-~odl jl osLJl ili^N! jLSj .li}U»l oULii^l jjiJ 

c^liJl «-l_3_gJl jl (Joseph Black) ii% ^J->jyr <jl> Uj^p 1756 /»U 

(_£.ll*jl «4 *^JI ~y <■ Ua>- jj.5 /~o ; oJ^»J j>w»j CO2 
*-* i*j_^ Ja>H oljUJI J <i*j"vJ! j^iJL-l ii*>L J-«-^ -*-*JJ 

IjjjJa ^JUI iJ^SL^j i^^L—j^jj t (Cavendish) J^jc^j\S *LJL*JI 
his- ^jt- jlp ^yi i~p i^^ l^^ ^J' 5 ^ oJuJl^JI cjU^I ^ 1^-^ L*- 11 
Jl litA-i ^y> ^I-Lxj1 te-LJuJl frVj-* /v*^ J-iLfrl Jij .ji-l jL> j^ 



James Riddick Partington, A Short History of Chemistry, 2 cd ed. '.j U il (7) 
(London: [n. pb.], 1951), pp. 48-51, 73-85 and 90-120. 
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*^jjL>iJ iJL^Jl 4^^! Outs' t di-iS *j>j .ij\j><u\ /wo <JjX~w?-jJLL!! 

i — >jL>tJ ■*-» A^LxJjI .j-P (jjJLv^^-jJLdJ! ijj-liJ LaA^P OJj>c-P 4^>-jJIJ 

J* 

ljjlj-» j_^l~~->-j_LiJl 4_)j-kj «_J iJ_P 015 tj-^C- (j-aL^-)' j^^JL)! 

j_Lp ^j .<^= jl ^(j-pI j-« !JL>- ^iLfr (_r^j-^ ^| j-* <Ji ijjJi^Jt [71] 
/-iJ-j^-jjl /jJjJ-m2_»jI Jaj^vO-oJI Mj-gJ! p-Lw»-JXj A^sL^JI jjI~v*>-j_LlJi 

ajLj 7-j-^-j U^l L»jl^o jlS (_^JJl 'LkjjIjJM '."" ^ •q-ij (c^l <Loj!)U 

* <■ t 



James Riddick Partington and Douglas McKie: «Historical : ^ jj-i. : » iJt>U«JI 
Studies on the Phlogiston Theory, I: The Levity of Phlogiston,)) Annals of Science, 
vol. 2 (1937), pp. 361-404; «Historical Studies on the Phlogiston Theory, II: The 
Negative Weight of Phlogiston,)) Annals of Science, vol. 3 (1938), pp. 1-58; 
(•(Historical Studies on the Phlogiston Theory, III: Light and Heat in 
Combustion,)) Annals of Science, vol. 3 (1938), pp. 337-371, and «Historical 
Studies on the Phlogiston Theory, IV: Last Phases of the Theory,)) Annals of 
Science, vol. 4 (1939), pp. 113-149. 
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J-Ji .iJi£ iil-^i .(J-jL-" \iy° ThJ^ k — -^ 4_LS-*Lo oJ-a oJLSj ^L^i 

LjL^JJLH o^lpLLJI cJlfT lijj -l^jJj-x^ _^£ L=r^-^l j-^ *jLJI 
^Jo 2 IJsLaJi 1<UJJ^J| ^/sLjJI <LJjj OjJj (t- 1 ?^- jc^*-" t?^ *J J ^ 

^>Lai .o^LJl k~*j£J L-LJ j-^*j Ujb ojjJl jjSo *Jj ^UajI ojj-!l 

*la-*^ij .Ajjj«Jwa S^JfcUJ ^Lwa^Jl -UP Jjj-H i—--^ JJ» JlA5 <^l!i [+£■ 

tiLLo JaLi^-Nl ?*-w>l i^-JLp (j-«LiJl jj-D! Jt>U- aJi j^p 

JL«_)CLwul oiLj ^Ji 4JLo *J->- (_ji liUi i^w-j j*u ^ J-*-dJ •^-iJ Jt --^ > 
oLl^Sl July ^j ^Nl 4jJj- ^j cia-kx^J LjLo-S' SILLS' jl^Jl 

jjjaj' j*y t<Lwoj>tijl *u> (jilj^o JjjJl t* 3 c-*-^? c^NL><J /w^L^iol 

4->-3 i >j_p _«_ll /)-<j /j-Sn-o-oJI /j_a J-*-^ J? j-*~J*-o-ji s-lj-gJI »L- <> -..-S 

jlS" c-L^il oijJl ^j .c^A_*>UxJJ <ujl*Jl c^»L>-_^w«JLj JsLL^-VI 
jl ^ ^^wjLo^SGL (_pl jj oiUJl ^ jJ_^ ^^r^ lT^HJ^ J~*-^' 

j^ 5xi^ -jj .sjlji <~<>s ^ aiLj ^ jl ju *y jjjJi ^ c— ^ji 

Xi j\ t JL^ jjj jj.l.,.,u^-jJLaJJ jLS" La_iji .5Jj_Lg (_?)-«-; L^1j'-*- ) <j 

UJU- J>-l ^^j-i jl j^Jl jV oLyj^- ^^o^t^J! ji_w»>Jl J>i-^ JLi jjio 
^JJ *J lil ^j£Sj .Uaj! (^j->-i rj_r^ ^^-*j . j_^u>->-j-UJl oj^Lp 
Jblj: ^Jl jlsIJL ojI Jl5 LgJl Nl t^jJl ^1 jJ^Jl v— 5 " ^^° 
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cJlSj .ilSLlUJl sJIa l$J o^>w2j (J fl\ i^UJl oLJjjJl i-Lp y [72] 
(1772 ftp «JJa^o y i^^JjAll iwoj.slS'Nl y cJiy Jij t (( lfj ~*->w 

jZ^j^S <L«j^>wj| 4lias>-!}L» 4_>jjlji if .y-4.Lu.Jj (e^XJl (_$-LH /»L*Jl J-*J 

SjjL <Lw>*^i o~>*^v9l Ji oJuJlc- oly_~J yL-4-jSvJl (-pj t— SjJs y 
<jji«w?-jLaj| Ajjlaj /w« •«^J t(jl2jL;j tcJy' Jij . ,U- Uj-i ,yj 
»lj g.Jl frLwo-;.? cj!>LSn_^w« l ri <^_L>- L»J_Laj '/)->-! •! & " g tIj-q-j 

Is^i JuLL 5-lj j-^c- (J-°Ll!I by^\ ^ji c-L-o-^O (t-A-jOlj-; dU ^<U-^ 

*-a (. oJUl lia ajj->^J i (. oiLJ (_£-Ul lLo>l_J| AjLiJj .JuyjJI alS w» iL-JLs 

.<Ujl /-p f«->«^j (_£J-jI Pj-^^ tlr 4 ^v*' ^~° <-)^* 
jJlp i.jl ^j Ml tl^-Ij VsJLS Vl. jLj^MI ^ bH\ Jl^LJ 

4j^aj jj.^lg! Jji^r^ t^J-pl yJl jJLp ^uUI jjiil j^-ljt y f-Lj^l 

*jL-JI jjiJl y?-ljl (J} ojVI cLUj jj>A^- ~^>-\ j*-~5 <j^-*j •'4— »*^jI 



Henry Guerlac, Lavoisier - the Crucial Year: The Background and \j la il (9) 
Origin of His First Experiments on Combustion in 1772 (Ithaca, NY: [Cornell 
University Press], 1961). 
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fr fi * £ 

f-LJl <_LLa ijJlio .lij-vo i : s la • ■ « l-LH jl? »_*JlL! jl Ml ,tS£ 1;^ 

cjLjj ^JLbc^Jl j, I? ,<jj! * r »»ljj 1jJ_1ljI (VJJI .UIjVl ^jSLJjjjS 

?yUJ <U jj^^u ^^ J> aUaJ ^j JIaXjVI jl> Ij^-bxij Jj c^yijVl 

o!a^JL«jL -_*«-Ij| toLx-j i_£l jy 1 1 jJuaj *Jj .s-laUl^JIj ,j_L*jlj 

4^JUJi LlJlSj .4jt_JaJI ^yLc- aJjjj^I Aj^Jalll J, : ,.,la,7 -U* oULJ ^^lil 
[73] ^lill OjiJl <j* j/Vl JjiJl J^i- p-^j-a £* J* 1 ^" (H-^ '^V 

£-LJl J>U Sj-i-Sfl ijJUJl ^ VI Afi\ dJLL- doJ (Jj c_ r JLp 

.e-LjjiJl 4_*.jLm>j |JL>- iik^a 5i^>lp LgJ jL/> Ujlxp tjJLp 

jl 4~^dl jlCJl LLmJU l5 1p j!5 ( jd\ AjXiJI o^ASLlJl olJu 

J^J *_*> j^JiUJl jJLjJI ^1 J^i-jJL n_slk*Jl *jL^J ^ clgj -koy 
4-ajl jIj i^J LgJl *_a t Lj ^JLi 1815 j»Le- Jj<j «-j-^sJl.' <U?-j_*JI ijjiajJl 

*u?-jj> 55^s- f-j-^iJl jl? lili .j->1p jl^uLuI jyjJl /wo oLu.^^v.'JI ^j^- 
^ JjL—JVI ±JlAS ^Le- oj^LllI iJliCaVl ^jVl i— 'jUxJj *L>_~JI 

iii A^j-ll old_ftULo jl -laj*j -J *l*_»*jl olJi_*LLa .Vj /yj •j^jVI 

(jL^Jl c-a-tuS - jLvs Ijl5j < aJ saJI oli olajJL*_<Jl ( _ r />j_*aji*j i-iLS' 
.(_$iL*Jl C^s^Jl ^ L^j LijJoca <15Ll« i_>jJi u^L*<LJ ik^uljj j-^jVI 
jL|j>Jl dJJi jl ^^ .aJLCjlJI ajuk A^J ^U- jLf->- s-LUj *J Jij 



Max Jammer, Concepts of Space; the History of Theories of Space : J&\ (10) 

in Physics, Foreword by Albert Einstein (Cambridge, MA: [Harvard University 

Press], 1954), pp. 114-124. 
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•j*. u j>Cj\ ~y> ilSLiuJl O-Lols 4 AjX*LL« jx*j UL_^jl L_a-LSo *J 

oUL^s Oj^-b (Stokes) ^^j (Fresnel) J^jy <>* J5 ^jol 
AS" J>jZi\j .^LvJ^II oJjkLL* ^ J-^^ r^r-"^ _«^' 4->j,Jj.'J SjJLS' 

4_>y>ol ciLo ^i Lw c U^sjI wj il k_jjU>tXjl L^j>-jJiu <LL>Li c-JlS 
(Morley) <jJjj^j (Michelson) Oj-J^l* 1$j *li ^Jl Sjj^LJI 

dUS j-vsj *J (.iLvs olS a—jj^cj cjLiaJ (_ jLp ^j .Xx->_ f-ljj (jl 

.bU- £ijJI 

^■j ./> H ol Juix^-Li t-jJj-J f"Ljl jV* ' :L ~^-> J-dj-—^^-* O^Sj -j^-f- 
IjJhX* ols-ljl ^JJ i^Lolp Sjj^aj '^J-*-^ <L^*^LJl>i^5J| jjtljJaJlj 
p-L -£>J' ^ji <b JiU jjj Jl ;»e-«-Jjl C-Jl5_j .^j^JL^wo j^jI C-JLo-w^-^-J 
it t_£?w> 4— ^j| J3I oLiv? o—iLwo 4JL Jaj C. L»aXw"' Jj A PtJiaJlj [74] 

4jt^vS" p-a <JL^La A^^>[^kAj^j\ O Jaj ijl l-LLjca Aw Jldi u -»i-^l 
<s w*L_o <Pw' C— )LS JJJJ . 4_oLolSw>JI jjjj 3 Jaj Ju^a /_» L» 



Joseph Larmor, Aether and Matter... Including a Discussion of the ' j la il (11) 
Influence of the Earth's Motion on Optical Phenomena (Cambridge: [n. pb.], 1900), 
pp. 6-20 and 320-322. 

= Richard Tetley Glazebrook, James Clerk Maxwell and Modern : k il (12) 
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OJl?- [aSj 4-J_«_*j! 4_o>-Ul -y> C— -J JlSj .4JuJ>*Sj a] LjJL>*-j LSv-JJ 

tioJlill aS' j j>J1 oLjJiJ a^Ijju 4^>jl t<u>-L^> JjLii ^e-j i^^SCliJl 
LgJLs^l ^ ^PjJLj tijLgjJl ^ Jjj_^Ui AjjiiJ c~><j-;1 JJUjl£ 

tciUi ^^Lp oiLjj . <C« CJiiJl <_$JJl ( »Joil J _JJ i*j! t^yjJj-jJl 

>Jl dJJi Jl* JUol jl cJ US tj-JbU U>- SykUi JI aS>J| 
jyi <L>15 S.LJL- cjjUj? tiillJJ i^j^Sj .ajUU <^->w ajjPj'.II J 
_^ ^'Sh J (jL^vJNl uiLi^M U-w^-Jl UjLJI oIjlaUlJI 
■y> aJLjJ? 4_Lv>wLwj 1890 »Lp- Jl*_i Ls cjIjJ^x 1— >Xg_Ji Iju .<l*-jj-i^ 

( ^A«j jl /jj> j^jJL; HjiliV,< ojj^aj JjVI pj-Jl J^* CJ}fjl>«-*jl 

ais Jlill ^yJl oNjl>^> Lot .i*^> oJlS ~LxJl jl ,j\j ^^JLU^Jl 
(Lorentz) _^JjjJ <t_L*J Lo 4_^L>^jj cS-LpIj oLJjlj 



Physics, Century Science Series (London: [Cassell and Co.], 1896), chap, ix 
James Clerk Maxwell, A Treatise on Electricity '. JaA i^Jl&S\ Jjj— %\-° <-JHy "*ijA 
and Magnetism, Clarendon Press Series, 2 vols., 3 rd ed. (Oxford: [Clarendon press], 
1892), p. 470. 

Kuhn, The : j^\ tLiLjLSUl y,^ ^i lLLLUI ^Jls- jj> Jj> j^U»*>U (13) 
Copernican Revolution; Planetary Astronomy in the Development of Western 
Thought, chap. vii. 
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toL-^-l ^s- I JsJi ojLxJnj L^j^J t (Fitzgerald) JlII 

aJjj^o L&lJjL?-j jl (J— ^" ( _fJ\ 4_>~3UX«jl Ob Jijl JISJo \~J>-\ O-^Xilj 

.1905 />U ^ ^butjj^ ivsUJl ^^Jl 

JsLlJl ^ ,j-L*-« Jl^J J-*j Nl 5J_)JL?- AjjiaJ j-g-laJ jio (»J tiJU- [75] 

Lg_J oil ( _ s Jl ^jSLJijjjS <ub>- ^Lii^iLj .o'>LSlJLoJl Jj^J ijpLkJI 
_pl5oj t J^IaJ! dJJi jlS" c l_^ Ijji |Jl*Jl JU^> jjt- ^rjL?- f-^j^ 
aJu-L>Jl 4 i _ yr laJl J^ j^U^I JJ tfjb- 4<U^>}U jLS" ^JJl oL^Jl 

OJb>- (c^l 0*A5LiL«Jl jl I sta-il Ja^-^AjJj .4_3J*y a j_iLw« 4_iL>sJL^I 

iojjLiw«Jl cJa.g-1 JlSj .ULoJ LJg^J bj^-i N Ai Iju& jl •_« j^i-jJL 
j\ iJji^o o^ASLlJI dJLL" jLi*^ Jjn A Ji" ^aUM jJUU iLLJl 

.aJ^Jl liXU ,U-*j !ils«- IjsJtJi i pu La-LLP c LJLaJ b jj^^lJI J*S">J 

cJlOA-1 I—**-" <Jj^i L* M^ ^*A£-^I <y -*j-^>- fjj ,*-» J-iiJI jl 
j\ o"^iLL^Jl -_L~jl~J N tLJLii .lJuf Lt^-LL> Oj^o N aj^J 

t5ji-l 5^^ Sli/^l ajb* iiy-H l^-J-lj .j/Nl f j^-^-Ll oL^>-S/I 

J5 J_>- 015 JlaJ : oijbU _Pj-<Jl jjjJl rj-i ^ a^ jl U-*^-^ 



Whittaker, A History of the Theories of Aether and Electricity, : j t il (14) 

vol. 1: The Classical Theories, pp. 386-410 and vol. 2: T/ie Modem Theories, 1900- 
1926, pp. 27-40. 



156 



J-i cJLllI j^JJl ^ji ^j^LJijjjS {jS- (Aristachus) ^^p-Li—ujI 

jl£J csJLaUJl ij^iJl C-jI^JLJ Lpj-yi>- Jit j t^^ikuJl JNjiX~.Nl 
<U>L*£j 4Jj..^->- JJ> a^jjJaJ IJo Ji ^j^wJl i>jS'_ r «j J^L^I diliJl ,»-Lp 

j!^S\ o\S (_$JJl i ( w3j v yi 4_>_}5^ fliajJ /f^j *J t4j_Jxi -o_p-LL-ojl 
.^Jii-b-^jjl ?-l Jial OJu i^j\ Oj -ill (J <J1jJc>- fbljtvgjlj <bljl ,/?T~il 

j£y\ 4^-L.^aJl b ^iSsJjj^J ^- Ijii! o| (c^ '^^^ jj^j (yj^^-^jl 

[76] JL?-! jl5 <.i_ijjJaJl oJlA JJ? ^j .U_gJ^j jLJLJ-*>U L»L*I jijZ J 



Thomas Little Heath, Aristarchus ofSamos, '. JaS\ i^ji-jb^jjl JU^-V (15) 
/fte Ancient Copernicus. A History of Greek Astronomy to Aristarchus, Together 
with Aristarchus's Treatise on the Sizes and Distances of the Sun and Moon: A New 
Greek Text with Translation and Notes (Oxford: [Clarendon press], 1913), part ii. 

Arthur Koestler, The sleepwalkers: A History of Man's Changing Vision of the 
Universe, with an Introduction by Herbert Butterfield (London: [n. pb.], 1959), 
p. 50. 
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iL»l5 oUiy? olj^-Ml j*>lLjl U jijj *J .^L»iL_i> ijjiaJ JU^JI 
cJjLj-1 liLJ j.~ij (^JlJI oUVl jls»-i jl j5j^J! ^ jiCJj .a^U^o 

Ji oJl5 ol^JiJl JiL" ol J[ SjUNl jjUfjj _ (16) ^ UJI iLJLJl 
t(Hooke) iij-*j t(Rey) ^j ju ^^Ip j^Lp *_.LJl j^i!l ^ Oj^ls 
*U_Lp ^ J-^->- t5^-5l Jo-^ JL_ft>)/l jl 1*5 .(Mayow) jL^j 

,«-J>j L>Jb ^s^j 4JI ^^Ip Ijljio *JL*JI ijLu*^ j-*j-> LJUaJ 
^cjjb jl U5 .oLJaa^JI "jA <~ju* APj^»>^a (_r^ ^j^ * jr° j"^^ 

JjUi ( ^CS .ioj»Jl ijjjwijl dUo ( _ r J JjIJlJI jUu JJu fl^-l jl 
JJ U iU-y. J*^y- VI ^LJUJI <u aja, U IjiU y* JSiJJJ f^-V 
<J*a>- i-L^- <W5l_>- >j^L-^<Ij^ (jij ,i g i > & j j"" ,\^~''j- a jr f-^-d^' j-r^ 
^ -tJo^ljJl Lf^JLli ( _^Jl oljaVl c^^-J LJlS'j .j^>-">Lil 4jj_^J 
j-^^L jJUJl i3_ r x^j t boJL>t> ^Jl <o}1$LlJI Jl>- ^^U L^jJi oLI 

JuJ^J jl (, „_LJI ^yi tiUJuS' A-PJ :.,^T.II J L^iCi .^vilji < — ~~il 

jlj . 4 ■ \ lg T.7 ^yJl 4^^jLuJJ Aj (UjJI iiU^^I >— ^o t_jlj— I cIjIjjMI 

.cJU- Ji olj/Vl 



Partington, ^ 5/iorr History of Chemistry, pp. 78-85. : _^l (16) 
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VIII 



2Uj>U iUlstia^l 



Lg_J^ *L»J_«J1 ajL^—jI 4_A^S' -^p <. JUL cJL^jJj tSJjj^*- cjL JaJ 
dj^Jr^ji \-*J^ «-Lo_L>«JI 4-UjL M L> Njl 5Ja^>-*iL>_) ^LLxSl t ^-«-j 

a!Lo\ Lfil jj U5 «ijJl aJlP CjNU ju> OjLsLo M jt-fS .<UjMl ^J\ 
j^^jijJl 1J-&J .(t-UJl <li~Ji oL>tJlk-A<> jJ illl-L^ tL^Jl A-« <- i .Aal'. a 

^P Jjo M L|Jli t-tJuiljJI 4-jy> iwo-UJl OjJaJl ji^rJ U-UP <\j\ 
.Lg_L>t_» J^>t-J J-jJ-J p-^y cr^" <Jj-v2-^><JI (j-^-*' I^J Mi <L>JL*2 
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CiLjla'.il jj jzij± ^ *LJu*Jl jl aIi^'^LJI dUj ^j^J ^j .4jw_kll 

4_J_«_*J "j— Xj^_AjJ>-- L--~^J ^"ij-^-^^J Oj-r* 1 -" <Jl LS^ - *-' ^J 4 4— _«J_*j| 

J 4j j5"j^> <uaAi bj>o oj^-j L» *j^j - J-S'liSL ,fi^»-j L^^-J •f»-4-*^j 
iJj^ia cJlS' aj^^ tjJzij Jl *-UJjJL ^pj; (_^ JJ\ jtiC^Jl jl _ 4jL^J| 

-a 4jJlJl dlbJ 4jjU^ i_^>c^ ^ j£\ Jp Lu* Uub j_^o ULL- 

Jj_i jl_,i *_« L_alj_La L>Jta OjXj ( »J<-j.i! j _> (j^aij jiji jl . JUJl 
4JjLLi Jp (Ui.Su jlyti! ^iUS Jl <_pj^Jl («-^Jl j^j t^i-l jvJu^ljj 

. J»- ilj U*JLP-1 U^XJjliaj 4j>_..to)l *^o /^jju.jljl 

*U-UJI jl S.5^ dUJJ jU C— . cdJJi Jl tfL^l, 4iiL*j 

4_LLjI jl ^ijJ f JlP jj^lj-lij jj_^>-ljj ^-f-J*^ oUJij.}Ij-JI jj-v^-S^ 

jijj oj-> Lfrjli t^-*^" <-*t* "— r*-^' 'J-£^ <Sjiy^ J J .4-asLw» 
JJl! .aJjU^JI eJL^J ^L^UiVl oU-jjis^l (>« (^^^-1 4^-j^Jsl ^yry, 
LgJ| (_$! 4 4^«ilj ^>L-J| ij->^ o*>W ej^iJuJl dLxJl > <L_^I oJlS" [78] 

LajL^pLij .oJjUJI Ai -x-aJl 4j Jij *_» 4 ,/aftUlxi 4_LiLa| L^^Aj C~- J LS" 
jjfc »jia,7...." U L ^si\ jU 4(_$jiaJ 4-£>-J 4>tstf l J>\jj\ JpJ 4 liD-iS" 
Jj-w< <Lajl 4->jJJj J-*' !*wl PJ&JJ jl 4<L«jl (3-L>- J-^ ulpL^J jl 

iUi oLjI Jp 4jjiij Jj t LgjIS Jl>cj jJJjj M ilia! ^j .Ia:>_4>-j 
jl LjIj L° Jj-L*jL-* U>^p (-^^w^ilJUji jV 4 ^LjLJLaJl AjjJajJl cLUj 
jjj^O^w* -»_g_9 »/*-*J^ f«A-P OjjkUaj jj^^-l yi LoJJuS- 4_jjj_*_dj f-U-LxJI 
(_$l Ij-ujj <_S^ f 6".Lr^ J 4^ygj,,/?j- CJ*>tuJj<j L)jj>*iJ O-bJ^- iJtw' 

olS olJLjjiJlj Cj*)LiJl«jJI (^r ^rr 1 ^' ^' /*-*^'j -^y^^ (^^UJ 
jL^ lij 4Jl i>^Jl j^sjj .^^Jjjl C^>«-Jl oUii J ^j^>-j^ iUaJl 

4 4^;^^ r-Lpjl oyuLt j^ ^51 Ji^SJ jl isAiLjl iiLa^l ©JLgJ Ju ^ 
JjJiJ c_ ails^ij JjJj>- (Ui>=j jj ( la.i t-U-JI Jlp Jlc-Uu LgJi kiJJJi 

4 ; la <|J OJJ— ^> U» 0-«— J3 lil 4 ft-J .AS'l— iw»J IjJ_v2J1 4 4-J 4AJaj il 
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JJaJ N t-AjJ-Lxi i4_;_<Judl £j\jjli\ ^ Jl*j Lo ^ L&J_&LiJ eij-^ 
ll)l <j-C*j idJUS ^ Nxi ./"jLSj ■>>>«-« J-J-o oJlA (OJjJl fJ-£ j-*l>^ 
LI .,,? 5U I ,^i_> 4_£jLL» 4~»-Li«JI is^x^Jlj oJu_L>- Ajj-liJ ,J->-l^ ,V° jJ— j 

^ ^Liil cA>^ Ojjli 61 iJUuJl ^U^ L5 lf- 4-k^-jJ LJlkJ 

4-JLj ISjJLu /fj~> ^r**" - ? (j^"J~^' '■— l^Jjl r**J ,<^ i-tiL^j t (_£ Jalilj 
(_^l bj.,,<a.>-,3 ^ji^ jJLJL *^ ' <-Jj-V? 4 : aW,'.» 4-wv23 iijJL- ^-5 Jj- ^1 

jjjUJI jl ,_£jJ eJ_^wo tj^tUJI J,/?a1l ^j . oIjlaUl<JI /^j jI_lL> 

jjjJb J-J jlS" (_$Jl)I j_aj 4 4jL.Lt!l iw^^jJL ^yaijiwJl ^L^io"! 

Jb«j i jUo t LjJ iJjSCJLo 4~ay>s- IS L-^^ V/rf^r?" ^L>^' (Dalton) 

eJ—jij N ^Lwo— So! i^Sj^Jl <_ijjj<j j-^jLp- j^j I^-a^ jjJta J-o-f- 
* .ft ... *■ 

.«-UJLp Iji^J jlj <_-]__• Ijlx-i Jl ,»-AjjJJuj 

j y0\J>ljM Jll jJ^^J S-Lo__-l STLJjUjI j5lL jl JjO__*_^>J! "jjl jl *-«J 

[79] -_~~-> *l*Jl _->_* ^J\ w-oj jji j-o IjJL-* Ji c-MjJo jli i<tUw< ^ 

jl -_->«-> t ( r r Jl^jsJL5' c jji*>U-J! f-LJjJlj .i-jVl ,U->*j ,j* »j>y><s- 

_ s^Jo JU^j'yi *-jJila (*JL^ ^ (j~H«Jl ,_sJ-*- (jiJ^^S l»L>-l \jjj£j 
(((^jJUjjjJI _ r J_ ? ^xJl» LjJL yA jL-Ci ^3 ojjjwiJl JUL' C-i-stfj Jlsj 



Norwood Russell Hanson, Patterns : ^ iiy>-_^.\ iiibll ^U- J^Cij _ r LaJl (1) 

o/ Discovery; an Inquiry into the Conceptual Foundations of Science (Cambridge, 

Ma: [Cambridge University Press], 1958), pp. 99-105. 
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.4_!| i_^J jl LgJli Jl>hj 4..,^>jL^JI aJlLi^I » ; W: ^ i_$JJl tj^Juil^Jl 

bjl ,jj> -b>-lj ♦-i-iiijj ,jJ^j b\j .jt-ijiljj <_£l i-jLi- J ^>^\S 

<»jlll «^j (jJLSl jUeJl)) Jl ^ko U5 tAj^Laj Li ^ caJI ^iij jl 

. «<ulj.il Jp 

4JlL>I Ojz j-» C^^-JlS" f-^y-iJ syr j ^ '• Jj-2JL l,g Cc- JL>- ^i 

jj-o ?j»jjLJl /v-LJlj t_pUJl (^UJl (j-j Sj^i i£^>\ L» i| .<UaiLi* 

jt-UJl i_iJjJ j^Jl oLw>^-^l (JjLJI J oUj^i Jl5 LS Ui t^^SoJl 
<ul lJu ^JJI Ij^- JJ-ill -5-^-ilj -J-*^ J^-! Lg^ <-^y<£~i~* J^-j 

aJo) JL*_j <wlijJ (i^woJL^Jl Oljj.^ J I c!>LL«) tlUi Jl*J Jut jJi 



Thomas S. Kuhn, «The Essential Tension: Tradition and : _, la„ 11 (2) 

Innovation in Scientific Research,)) Paper Presented at: The Third (1959) University 
of Utah Research Conference on the Identification of Scientific Talent, Edited by C. 
Taylor (Salt Lake City: [University of Utah Press], 1959), pp. 162-177. 
Frank Barron, «The Psychology of '. j-li-il t^L-aJI j_, iUUr o^-aLb J^ ^-"^Us"^ 
Imagination,)) Scientific American, vol. 199 (September 1958), pp. 151-166, esp. 
p. 160. 
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jiii 4-$j>-j (V» ' Lg-^Jj j-^-*t! ' 4 -rT c - ? ~' (_S^L«Jl (t-L»-jl ^'^n! ^l^-^-* 
loi .isjl jiLvays Vj^a jwlvSLo^ ^LiLj tj^yksLa JjU L|j| jJLp I (_g_y?-l 
«-LLL>- , la «_^> alj Ju» jl_£ <Wa3bwa <U_La! 4_>l ^JLp _j i^Lj jjj_^ olj 

L> iJuLidl i£jl_k*Jl 2JU- ^ cjL>*>-i <ol L _ r U- jjj^-^l ^j^JJaj 
jl? U LykiLa ^Aia j^pI JLS 4-jjl_jiN jlSj .Ajj-W-llj SjuLL-JI ^j 

4jjJkJ 4_pLwstf ^-» f-l>tJj 4_!j_L>x_a 4_~>w?-l Oj_ : JLS>l J_J 

tJJojjJ jlif La ^ vail ■ * 4JLL9I ^L^Jjj j-^^ -*-*J -^ 
[80] JjAj N 4jli jl>>lj oij "ill ^_^>-j jli tdJJi ^^U- o^Ljj .Jjj_^L>j 

J_?- J_plji ^j-a 4_ajNl L_AjL>tJ t (t Jt_ol J _Jl «^vJ jjLCj «_aj t jJJi 

.JLiwlp- jt-jfc-Ol^J jj_gj2J <LLgjJl ^i 5T_«w«J t3j-«J (jpLxJl oLj>t?- }l 

IJbl 4j»-Ijj V 4~Jl*Jl i^JaJl jl lali ! Jaia (J^Jj i3L* jl (_^jU^pIjj 

■ OlijVl AS ^ iyfiSLa 4II0I «J>-ljJ oLjiaJi J^ jl tLaiLa *>lia 

Jlj^Jl dUi Liji ?dJJJ> cJt>U- t-is^Jl jJuj <j! ^Sdl U^fj. 
^^SnjsJ jl (_yJi^l Ju>Jl ^ nJiai^Ji LuSLI .Li* jj^> *^ oLpjwi>_4-*Jl 

p^bjd} IJl^S L^«iL-a L>«_^?jj j3»J («-L*Ji jl <^-> oLaJ (1)'j^»j4j /ww.m.0 
/_£• 4>c_si>ljj oJL) -9 ajj^a-i jliJ^j oL JaJl iLvij (J-J-v* jL Jui*JI 
Ol oJLp Aj tJ-f><4 c^ i ' J< -^ (JLxJLi .^IjJL ijjJaJl 4_g^-lj-a (^Jj-ls 
Cj^-ill /j-a L»_A-U>-I ^ aJIjJIj 4jJaJjl t_Oj-4lJ tjl _*J^uL J_^->*_i 

e- ^ f. 

jj5o jl c-»>cj. niiii jjp Uij^- .UiLJ jl AjjiiJl Ji^ jjp d->o 

OJt-vS ( j rf i>l J JLsl ,_<-Lp Ajli a^j^>-j t_AijJL) t>L>- ~^>z->-\ Aj- 4.JJLA 
.Aj^jiJL N tJai* ^^JLwJLj iSiJl A**j Jjs- tJj4>=J (_5» J-ijiJij .AJuil^Jl 
jL>Jl» IjjLJl J^aJl J ; Sa '■■: CO^Lf-l ijj U_a ^51 Aj>-jJljj I LjS> J 
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llijal\ jl dJJi ^Ji tiUau . «<j|jil ^jIp *j_UI «^aj <*\j~>\ <J-^ 

L^jUj-.k" /jp cjui>-"^A-»-; L» ^ijji! LliLa <u«JUJi i^jJl ^.y ^ff <«~^ 

J-»-g.1 (_jL_s«NI JJm $ y>- j Lw^j^ii ISIj .^j-?-! jal.yft* jj-a °_/^-^ 

4 < j^LoJo jvJ L-«J-P- LaJ IjJL (_£.Ul ^ysJ^J^j\ Jjj> ^ _^i ClLUS 

i '*^-j i— ->L-^I i^\ <. <u1p LjIaj 4j.ia.-H >ol 5.. .1?" ji-JiP-l ^yi aJj^_cvj 

ikLJl Jl bli=— 1 oL>Jl JjJU, (JuJl ^^ ^ .1^ iU^^l 

oliJaJl jl ?j^£L-> ^1 a*U£Jl ^U jl tj^gj lj*\ju}\ JjljJl 

4_^<jL«_4jl ^xL-ul ^j) j_& i_£J-!l *_i_ii! v-Jl /»-L*J /|^a ''j- 1 ?" ^ o ; *-*J 
t Ajjla'.H 4>w? l? Jlp JJ-^ C^«Ji Ji CjlLJaxJl C-JlS" IS|j .4jjU»JI 
Cj\j^~jl> t-\ JLi\ l gi <CuwJjX«J! tw<J^xJl ,j— «-9 jl JjiJJiP <L>k_JUJ! OjSJ 

LgJ Jj-L>- ;tLJI js^ c-LJlaj! (J-i?-i cj^SJ^h 4_JLsLl<> J j! tiAjJu 
Jcs- oil >l«_L*Jl <_^^u-j ^LS '^-M Jlj^Jl ^J\ s^jjJLj 

/^jj La (JjLLlJI <L>tj 2 ^i pSjJ (»-LP OjJfcUp JjJ»-jj .Jjj>-jj| -_^S'ljiJ 

U-ij ^JTI lif^lsl (jl JLp Jju JJli J-S JJ L> jl ?<A~k!lj 4j^iaJl 

•uL^i-P 4jt>tl^l i^JlIsIj if 4_> JiJj (_$jj»-l CjI d_. . kj ^i ojLj^-l ^ jj>- 

^^s>C^j bL\p [AjS£\ d\ i J>- .dUl^p'yi <_yaAJ tLwb tllLXfS .IJt>- 
c^p^j oLj-^I j^ii*^ ^j .oLL<Jl ajL^J ^ ijjUJl i^jl^JU SiU 
/»L_il ^ ~*j~$ cJ^SJ^ji oJl?-j IS| X^s\>^jj tjLkxJNl ^ *LJj«Jl 

J-w_^ l _ ff L& i. Liajs-^! jl LJ ,j^— Jij .^^^j^I J^is^Jl ^j-* l5j^"' 

4jLL~j>tj fjjj^ fLi c~Lj ^^xil /^jl^JI *>ljP-Vl J*Ai>-j t«ul i JUujI 

a5^->JI t tf ./?.'> i^>=-o «*iJI .Pj.,^^ 4jtS4^»JI iSy>d\ clJlS" C^jNl 
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*iM .(Jjj^J ^j—iCiJl *-JjJI O^U Jd jL *^ ol^ljXi! jJ^Nlj ^~>Jl <j^ 
^ o-j Jjj tJu>Jt J-*^« ^s- cAsAyS^S sJla Jl>-Lj J Ijl>-i jl 

jl j^-o jl (>" (Clairaut) jj^-LS" j-^-o-J 1750 *Le ( _ s Ji> .ojj-j 

0-U» /Jj_J 4_>^JaJ jlj 1 4jJsL>- dJLS" LaJl>-j (J ;: W"'l CjLvjLj 

oLsi'LijJl jV dili jj£> Ljjj) Uai- ■i^r^ P yj 0\SL»\ I4J jJLj 

.iujl UJb _^j M iS"jXoj »j^i^« <Jj^ (_^l /*^j^l f-^ oykUi jU 
olsl J3\ -5 *?-j i~-~~j (Vj-J ^ir^* 4>ws J t>- LiJL>- -L>-l Jf-L^lj ,»JU 
AS-jmjj 4j JiJI oJJ /y> aJ^w~»JI Oij^J! /wo Xiy? iyj L ^-° ^Sj^- 10 
<_<r* Jj^l (ilj^-**^ Jj- J-^TJ -*-*J .^jUa-^ <-?^j£ ^LH"J CJj_s<aJl 

<*L*Jl ijjJaiil jj4^» ^ ^liil (jl^iiNl ^^^j .LoLJ ^jLLo <-JJ-jJ 

[82] Jl b>*-%^lj JlSj . L^JLL?- ^ jjl 4J ,j-SsJ *J <Lajl J-XJ C 4_w_u>jJJ 



William Whewell, History of the Inductive Sciences, from the '. j li Jl (3) 

Earliest to the Present Time, 3 vols., Rev. ed. (London: [J. W. Parker], 1847), 

vol. 2, pp. 220-221. 

Thomas S. Kuhn, «The Caloric : _, la il t -->j ■» 11 Xj-j^-i J-L«-1j L« ii^jti (4) 

Theory of Adiabatic Compression,)) his, vol. 49 (1958), pp. 136-137. 

Edmund ijJiJl t^-i-'JI ^ jjLkc- i_~Sj5LU ikiJ i-jjiV jj^j-" JLiLlMI ^* iiyJ. 

Taylor Whittaker, /4 History of the Theories of Aether and Electricity, 2 vols., Rev. 

and enl. ed. (London; New York: [T. Nelson, 1951-1953]), vol. 2: The Modern 

Theories, 1900-1926, pp. 151 and 179. 
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LgJ ji> N ti«jl /«i_»j p-lp ay^Ui ^Jj ^S 4JI o^juJl dj&j 

J .,^> fl ) ?!->>r. ./?"'! Jj-S\J L» LjlpJ 4^>-i jl *5^-Lp ?t>=-vaj Lg^-li«-aj 

< jrf2^jLj i»_iayj L$J-!t (*-ll-*-llj .L^j J~£jI j^Xo^JI ^« v^Ssj J oLL*i> 
IJL! .IjiU \[ U_g_a ^L*-^ t^lxj N cLfJi^-*Aj *JjJ *jlp Sj-AUi J5 

^aj>oij o^jJj>- ^jj (»Ap- Oj-AUs Ajt>ej Lc»^ Ju~J 01 oJ_p i— *j*-j 
dJUi ^p J-*^ "As- <— »l^>- -^>-jj N 61 A^^^Jl jj-* <J' _^ tf*-laX« 
L^J sjjL oNU VI UL-.JA jl -y^ j& oVUJl Loj .Jlj-Jl 
?xs- Sjjkui j^-j ol tLiL->-l <L>^>cjj .Lg_JLp ^LLj ijjLj«_« o-~~J 

IjJJ ^j JJI dkJjl *-a ^ VI (3L—JI aJL»« ^Ji i J-^^ U5 t j^Jual^JU 

LaJC^P <ui\-J .Jj-SOl ojjjlll jj-ia-J J ,L*2^>- L*^ J^ • J-2 J-*"-^- 4 ^ir**-"-! 
(_£j_ftjJ*Jl ( JJ«_<JI <UjJ_P (X-SjJ (>JlP SjjkQi ^iii jl t ji^-4-»jl ,ya jl£ 

^j ci^>U>- 4~Lp <u«-fcl LfJ jLS" L|j<u*j ^jill olL.ia.il I jl jJ i»jl 
<J oJu>- L»-^ jl If »-oxjjJI f»-Lpj <L»lJjj Jl , ^.^ ,,^J (JIp 4jL>«jI oJl* 

jalaj Jj^>ij jl /jXo-oJl /y» jl5 t-Ap Vj-aLtJI j -ill ''^r*^' f*-^ - ^L»- 

A>tp^» 5JU- i^>« Outs' jl LgJ J-— i ( *^_ 4 -' f -^ Sybils c>^L«Jl *1aJI 
^"-^J <^jj-^ o*U!>Lp iiiLL<J jLvs .* L»jV jJ-^a-* ^yJl VI (j-^-5 
^?l jljI "jS^^jj . JgjJ> ■.r'V >> 11 *•! i^JI *-L»»_o o>LJI j *iaJ Juo <o3-Li>«-« 

t^*L>- la« .^ Oli >«J!jjJl *X& OjJhUj Aj«_>>J (_$j^-l lJjjJs> ij^-J 
J-^j L5 ^-Pj .dJJi JjIJl^N ^ij^JaJl aJUfc ^ iJLP X>>^J L« SiLpj 
0-fJ>-lj ^yXJl A^j^l jiLvO-e Jjs-1 jl Lia^V jl J^i J_ii tjLl<Jl 
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j~*jj t LgJ*^Ai>- iijUJ ^j\ aj^JjI oJl*JI uyo *j>^ Ol£ ^»jSlJ -jj5 
iljJuj -iS^Xs- j^- *-l-p ^jj ^«jl ^1 JliJ'y I ajIju diJJu jjio~i 

[83] jt-jJ], i~«Jlj JU^JI ij-aj ^jjj .L^jli ^jj^l jv^oUiJ <ob> jA LgJb=- 
SJbJLxil ^_>>Jl Jjl>JJ ixJU^Jl ist^JsJl ^ JiUj iw»-fcl _^iS"l _^?*^U 

.L^lj^a^ jji J-^aiJl <JLSLlJI ^1 a^-j^JI jjiwjl «Lo!)U 015 ^1 
iajlijl il^JLdl ( _ ! 1p ^jVI oU^gJl «^j 0! jJaruJl j-o OLS" Jiij 

cillJu o^vJ apu^? jl j»jtji'jJL) S _Jlv? <£-Lw? L >-> t >>...« ' <uS\JL»JI (J-p 
lg.a,.,i^j j^-y* /fJlj' oJi^L^Jt oLc-LwaJI ^jLSnj J ,/> aij 1( »_ij^lj^5 

♦JLxJl JlpIjJ jlij^* Uoij^waJl 4^?UJ! Oljjk^l OIS t^^LjutdL 

tAJli IjjiJ oli tj^Juil^j ^>j->-j jIj^j^-I (j-* ^yLj .U<3j^p (^iUJI 
<ajL*-JI <LoL*Jt JjJ^>«jI {- J^~3 .ajLw*Lo (_jJ-p (jj-i-- (V-vxjLo-^JI ^j^j 

.ujL*~j *--j? y> OjW? AJjl>tJ »J^*io^L<J 
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OjjJUj M *^JI. ( _ 5 l>- . . .[i-iUiJl] ~-£\jj>^ ^ ^j^waiL^a)) \y\S 
»_jLJj . <(Jj ■/-> aJ! 4JL~J C-_<LlJl JjJaJl SJ_aUL» j\ ?-j-^> LS ^ 

t^jbl /«-*->*j ol aJLp ^JJI jllaJl jLx^ - *-<JU-j» :*>^li ^jZLjjijS 
c 4jiSsJf-t> cjLoJo^Ijj ( - r * t ajj, ,/» 1 tJ,y>-\ *-LvLp!j t^ljj c/»l-Xilj 

«ULJ^ ,j-Jj Lis-j a^xjI Oj5o tji-'Vl I^-axj ^ Lg.-i ^ *j (3i«*j 

^ cu~>~- Ji ,y>ji\ d\ ji U5 JUJl olS'B :S^U ii>-j Ji! 5jJ 
tOLx^ (_$l (-S C— jLj ^»L»I {Sri ^-*-t p-^J 'OL^oNI (c-^-J-* C- >«j 

t(Walfgang Pauli) ^^j «JUaJj Ul . «<u!p jl^-Ij ol p_^JI ^^*j 
oli^L^Jl liCjl5w> ^p (Heisenberg) f jJjjU aJU* j» _ r g-il JJ»j 
Jl ^ tl£)l 1£JI£~« ^ SJbJL>- ij^Jii ^1 Jijai\ JU- cJi jJt [84] 
.A^e-jA ijj^aj ^ijJLa 4Ja>JJl oJufc ^j frL VjiJI (^JLp jl)) : *>\jU (JjJUi? 

^^ dJu>- j~S Jj- Js\ jyip Ljw jJH\ b\S aiJ t JU- J\ <yj 

/^a Ail Jju l^lLaJ ^jxJl ^jj oL*l$o c-Lji U IS} (t^b- j>«j ( _JLp 
£> sL^Jl ^ ^4Jlj ^i J-Vl jLp! JiiJ» :^j cj+Jil i^> 



Thomas S. Kuhn, T/ie Copernican Revolution; : ^ Jj-iJI tiUi _,5i jJj (5) 
Planetary Astronomy in the Development of Western Thought (Cambridge, MA: 
[Harvard University Press], 1957), p. 138. 

Albert Einstein, «Autobiographical Note,» in: Paul Arthur : _, fa ;l (6) 

Schilpp, ed., Albert Einstein, Philosopher-Scientist, Library of Living Philosophers; 
v. 7 (Evanston, 111.: [Library of Living Philosophers], 1949), p. 45. 
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(7)„ 



«ili! ( ^£J tLL>- SjiU jL^^l jj>>\j&} £j\£\js)1\ oJla Ji* ol 
.^jj^jjJI 4jL/> L^J JaJLs oL^wi i]L» ?p^jl^Jl «Jl» ^jtU j> JjJLi 

J^> jjS y&- U -Juil^Jl JJ L> o^xj JtA>- CL>>tJl tijjiS' i<u3^M 
^jJLp £-«Z>j\ awU-L^tJj jJiwjI o>jVl J^U- i^_>>^JI ^ji t-Jt)^^^! 

ajjJ^tJI cjUjULJI ,<^>- <u5\JL»Jl j»jLaj <_$j-»-l cIjL— »Lwo i_^j "f^ 

^^lc- Jju Li aISLl^JU (j^aLi .j^Lo-c- JU^J oMjJl 4JU-JI ^i Jj>- 

l^j_^« Oj>j AJLl~«aJI ^ ^j>-l ,L>- L^i ]"'•;,' LjL>- /*"^Jjj ^ \-fp jJ 
w f- - * (. f *• ^ p- 

JjJl>- i*l*S>)J> f-j^l^j «UJ J(l ,,$■"■'■'> di i I _^>-l i j\ .\jja~ iS\ Oijiu 

6J_a Jwo_5lj ^^j-^J iiLxjk jLi_. <j\ (j-^-o-j L<J J-^J-* £-*>• "'j-^U 



Ralph Kronig, «The turning point,» in: Markus Fierz and V. F. : j )a *»1 (7) 
Weisskopf, ed.. Theoretical Physics in the Twentieth Century; a Memorial Volume 
to Wolfgang Pauli (New York: [Interscience Publishers], 1960), pp. 22 and 25-26. 



ft^«L« 
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4 <L*5ly iJU^ /^« J_^J ^° - ijt i' (^* c£->Lp (*-^ ^d-^T **JLal! ^-^ 
( _ J i5l c-LJl oIp} ^-Aj iSJuJu>- (j—v-l ^ Jji^Jl <=-Uj 5jIp| LgjL Jj^it 

t ^ r 5C*j ^1 d*>tSLL*Jl ^-j t^lS" ( _ r J <uiCJ t-^-S' JJs-lJu JLoNl 
LiLil iiL* jjSL^j .JjJl>JI ^JuiljJlj *jJiJl (»J«ji!^Ji ik— Ijj l^Jb*- 
jl5 i^oJl dj£i tJLio^fl j_U^o L»_Ujpj .(UJl l»LJl ^ *-*-U- <3y 

JLs>-T <-L*aj \J>-'jaj .AiiJjfclj t.4jij\jbj <. Al>J>\ ^\ L^JjiaJ C-j^^p 

UaJl -UUdl£» l^l XiUJl diL" i^Juil^i jJu" J-^ JUil iJ^J 

oLix>u»Jl <Lc-j^*c_« 4j>JL*^i» J^oJLj <i-JU-P (ff*J C«ji-jl L^ijJ? jj^o 
jJlis UgjlS' 4ijj ( _ ? lp oLs^Uil (_£y Ui^P J-vi>o UIt« '. 4.^31 kjt.>Jl 

. (9> cr JU3L ^^^Jl jl i^Ji L4JU oS?1 JL»LiJj c^Vl Jjl ^i 

Ajii" l l .^ jjjj *y *L_ujti .^jLa» tijij^Ji ^ita ujS^j 01 Cj^-i-j 



Herbert Butterfield, The Origins of Modern Science, 1300-1800 :_, b ;i (8) 
(London: [G. Bell], 1949), pp. 1-7. 

Hanson, Patterns of Discovery; an Inquiry into the Conceptual '. j la \\ (9) 

Foundations of Science, chap. i. 
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*-^jU>i] *-^>\JJs\ <jy^ ^ij^^i ia-^»4 N *JUJ1 jl ^^M iiUsVLi 
LJ XuLo ^Jjl Ja^J j_a ^^ilLkJL^Jl JiiiiJl jli idiJi ^j .ijJjJl 



^» oij^l jL i_sI^lpM1 ( _ s 1p aJLLJ! cjLo^iJI L>J_pL*J Jii 
j^j .cjliLi^Vl jj^i» «JL~a Li>tj UjiiP L^jII <LL>jdl ^& ijk*HA 

t iwo-UJ! i^ijL^Jl J-JUk JL>-I *_•> Ait)L«Jl ^-lai a-L>JL>- iijiaJ jj-g-k 

^» <wjDuj>w* (t-iL^- j_Jj <Lilx><-» jlpIjJj j!j_> IJ-jJl?- IjlJuaj (*J-ijj 

[86] J-a>o UJC^> Nl j4^' V SJbJL>Jl ijjiiJl jU c ( _ r J J Jl c_jQa^Jl 
ilis-MJI dUU jf jJ> .LL*j N*>W> Jv» Jls JjS/I jjjdl jl jy<J> 

liUi .?sjjIj jrJLt j^o ^51 ^wujj JLp ajji IbJl f-j-J (_JJaOJ 1$JJ 
iiS'Li i J& *iy fJ-P iyfcUa J*>*J ^~aSj ^^jUJl j^P C^>cjl A-^L, 
<-iyzJ\ JlS llLwJi (jl jj-*i U-LLP !»_gJu^ f-UJbJl *-)tXj *— <LSj ?jjjU]l 

Ail j uij_* ojjj-vaJu 6j-S\j ^j-^ ^^-*' ^* ^jj *^ t dJ^ *^^ ^J^i 
jl JJ t4^J^- JiS/l ^^Lpj tJuJL>JI j^JuiljJI j^Jij u Liu 

ijjj .L>c^i>lj IS"! j^| L§5"ljij JJ j! Ujjiaj ^ 1ju*j ojNl i_jfciJ 
^J 'cJslj-'^Lo f-ijl JJ jl5 JlIs .SJLjU oli 5Jb~ "Ujjiji^/ J^-^ 
ijjiaj ^J JjjJ} cjLs!>L>J J^Li ^ji Jjl •)-*-> ^JjiS\ i : w*jiL5'Nl 
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f-Jj£j\ LlJ _gjj> jyj .413 li-viLgJI oL$l a^JI *La^ «Uj j/ JwolSJI ~->*J>ij\ 

(Thomas *jjj (j-"^ 3 .^ (JU3I Li j^ f-j^Al L>-j^Jl ij^JiJl! ,_JjVl 
toLj^iJl j»JL* ^ 5_ajl jj !a."J Ijl>- Sjiwi LU-j^ ^ t Young) 

•ja J-ap J*>U>- <u5ji i^-^ 'ksry.ai Jl iljjsxXa c~*^Lij Ji oJlSJ 

eJ-C-Iji ^ Jj*!l/I ^jJtjJl «_o j^JoiljJl ^ l^-Jw» bW^' <^i ^J-^ 

^ sJuJl>- ii>_Jj» jLjNl ^j* Ij-ij o*y <JbiSL> <_pLvll *-UJlj i^UJl 
^ l~U*j OjiC <jl Jb V JjJj syrj ^\j*\j t-^ljJa-^l ^j^^ Jj^" 

.^jJl JjUX* 
Ljjs OJj j-vaiu _ jLi*JI (U-^* c_J^ t»j-vL>t*jl <UjjJjl «uJiJlj 

oj^cj Wjcs-j --ij-A^- jv-«j^Ijj jj-g-^j jW^ ^y^y 0j*\ t^J^ U^- 

jj> Aj>i\ jA U^ JiVl ^Ip iLJi oUw^JU r-jJ^Jl JailL JLas lLUS 
ij,±>\ (_y* ^dj-^J-^ <*-'j-' f«A* Sj-*LU *Jl«Jl < ^"'>d LoJls-j l( _£.lljJl 

» jUol ^i jj& 1 4J Juj jj^>»^ Jjl (l)»5sj c bo j>- ij j^.Lwjj cjt>_^laJI 

L Jj> 0^1 jL^> 4JI >caj ,£»jc« ^Jo bfcjtkolj UJi VjP aykllaJl JjP 
tLjJiiJj <bU cijU<5 <j_j£> (jl J^Uj V tS^^J' (*-^ JlpljS jl) ^j [87] 
4jjjtv2j| <UJala J l^la oiLal«j)(l {_S^i /jj} i^rtfi (_s^ '(_$J^^ °JJ-^ 
C-T* 1 -^ <ij-^ U^ 1 -^ J>c ^i ^ij~- 4_-.ij CJJjJl ^J .(_$J-« (_^l ^Ij 

<uJip jLS" L^a ^L><j} ^iS"! <L«j>J Ujjj 4ojU| jiS"l <Ujc?Jj tjL^JVl 

^Sj . Ld,L.«i (_Sjy<-o \ g 1 ./>b»- jU Jlil*j (jo >_JjL>o ^3 ajj^Ja C-Jj 
f-ljj>-l ^* jiA fjj>: (_gl ^ JL>JI jJ* Lv» jiS'lj 4 ^wsJ'-Vi aij^^o 
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LgJ-Jti JL>- ^j '-k^>- («-«JiljJ < J| <3dj^' U J> "'^ d^" cJ* ^-«-^Svj 



^L ol J-oJ^-Jl ^ tjr^ • £*J^' (^ 'j*^ ijf-J o* gr^ 
jl (j^L*j_ (^JJl <_£.uJl 4iy*^j ^..^3." iajl i_ >Lp JU- ^jdi .i^L^I 

jlS' A^i c Lgj^- l- Llilll y*Lj »J a}oJl> jjwp (^JLjJI jlpIjJU tx-v^Ij 

laa„>- c^l*-; <uLbc«Jl 4jjJ_>cJ| i^^ijjjjl jL^->-l jl /"'j-^l jl^La^lL 
/^aJ i^-» 2 jl>t-<> 4jUL»_> <UjJ^>- ajj ,/» 1 (^JjL>tXj| OwLft d-JLS t^v^LckJl 



John Louis : ^JiJl 4^1.1 ^j-^ J-Loll A^ J-^- 1 ^-^J <_k J^^- 1 (10) 
Emil Dreyer. A History of Astronomy from Thales to Kepler, Formerly Titled 
History of the planetary systems from Thales to Kepler, Rev. with a Foreword by 
W. H. Stahl, 2 nd ed. (New York: [Dover Publications], 1953), pp. 380-93. 
1$>-L^J ^yJ! Salll jj_y ,y> *ysr£\ (Dreyer) j^ji 5JU» «JI 1 LlL=-t *jj L yJl >Lki-Vlj 
Joseph Priestley, Experiments and : oli oL^ _, b ;l cJj^^j^j J_t f^Ua^ .b_» 
Observations on Different kinds of Air, 3 vols. (London: [J. Johnson], 1775-1784). 
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ciiiJ obis' ^ UJl JJl>ix]| ^i jjJ_psi t iijyw iajl 3_^-j ol^xi 

i>-U- *>U caJ Jb^S" pJuiljJ] JUjc-^L; aJjN ^^Ioj ^iUJl J-«j<-!I 
J_^]| ^_ M dUi jf Ml .^yULiJI J~UxJl l^ c^, ^31 ApiyJl 

jjlij <W2-J tJLw>V 4JU0 ii Ja Oj^j (1)1 Cj^H ^ tS^j^-_^<JI ^^ 

(1)1 is^U^« £j5^j j»Jli .JL>Jb>" JuJulJ ^jL*iI 7~\j^ij J- J *-*-^ (^P L° 

aj jJiJlj i-JLp *-)L~J! jAj\ ( ^i /Jjj *-Lj 13 jj^Js (j^iljjj t>c~*i 
i^Lxl LjLJls J-JU-J t^j^JLjJl OyjJI jJ X-S\Jl ISCjLSL^j X^^S\ 



:^l t^Lfr ^LJl jjill l^JlSL. oOilj ^1 i—S'Ull ikiJl Jp f-^Us^Jj (11) 
Rene Dugas, La Mecanique au XVJIe siecle, des antecedents scolastiques a la 
pensee dassique (Neuchatel: [Editions du Griffon], 1 954), esp. chap. xi. 

Rene Dugas, i^kJI <. jJ^p «— UJl jjJJI ^i iUUil oiljJ-l 4J-~L- J-t ^Lk'jLij 
Histoire de la mecanique, preface de Louis de Broglie, bibliotheque scientifique; 16 
(Neuchael: [Editions du Griffon], 1950), pp. 419-443. 
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[88] 



jli <• y*-\ jl5^> ^i cj-j jj oj*5 La-Sj .^i-j><_jl /»JusJ jJ L>— »L>- 
oLlxS ^i <L^->^> Sjj ,/? ; ^j_>-j_«JI ^J_Jj>tJI (_5j^L«jI i_~jj^rjJI 
<-J-lgj ijL^j <-~*~s>- JkJ i jjj^-lj t(Bohr) jjjj t /jjI^Jj^j tjJLJLc- 

AjijVl jJL?- JjjVJ 3jb->. 4_*jLiJl iijJt^Jl aLo! ,»-jJlaJI j^-i-Ol^l ?c .,^j 
0\ /j_5s_<i_J IiLmJjjiJ jl 6ij_4Jw« iCj\f-\j->-y\ aJ_A j-^-J /«-^J 

i_jy>^Jl (xi^Ji f^-p j-^j-^ ^b^ <_r*^-*-^ J-**-^ ^'^kj '^r*^ 

p p * 

[89] jl^jJi ojAsJi juji j& j ^^^s'j'yi ji ujlp <. j jc^jy_ j^p ^ 

cjjj ^ ../a..-n >*1p ^ oliLl^l cipj-^jj tC~o51y ,*J .^^u^Ojj J-o-p 
Jju t L^-vixjj .LgJtAj-j s-j^iU "Uj^j^JI AjjJaJl j *■§-£> /y J-r- 9 J-r 9 

Jjt>- <U^i>^p <^>|J_>-1 4-s^XJ jlS' g-j)—,/j> II ^LSsjtil -Ua^iljj i j\ w a", ,*i*^/ 1 

^jJLoJ) .'%oJLs-^a L^jAs- i^ljJa-^^l 4 aJa '. < ^ j5j-<Jl J-o-jJI 
i!lL» 2jli£> J-ojJI ^L Ji ojiJ jlS" t >_<Li.-..CJI jlS - ^151 (Malus) 
t«-j^sJL) 5-jij^Jl jL-5oVl sytQi ^ A^ilffMl «JjL?- J-jJ l^ls- 

a. a* 

_ rr P 5JLs- aJL> *-^\j (jtlaJ l ^1- c ' lijj-«-« jLS" (^i-ll ?-j-^>j-<Jl j-Aj 

^^ ^i SyfcUaJl aJj.^.11 ix-LJl Jl« <.^y>-\ o^U- iJllAj .(ioLs 
tSJjwb>iJ! 'L^jjLII /^ SjL^l^w o olj-JJ 0^,-jlpI t (_^jjb ^Js X&> 
^J -J^^ J*^ i^i^y. ijl \r^y^ ijij^ J> U^W^ ■^■^ J^ 



Thomas S. Kuhn, «A Function for Thought Experiments,)) in: : j La ;l (12) 

Alexandre Koyre, Melanges Alexandre Koyre, publies a I'occasion de son soixante- 
dixieme anniversaire, histoire de la pensee; 12-13, 2 vols. (Paris: Hermann, [1964]). 
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j-tjLwJl jl^Jfj u iJ^J*J\ OljJt J^_« i^jj^ oMb- i3Uw* Jlj_, 

KJliL^ jj^Ji ojU J^h c~«jM ^1 sjbJuJl oULi^U JSL-* 

.1895 ^U Jlj*. JL. ^1 

<J\£ Oj^sj 01 <-+>*i aajLJI oUb-*iLJU .015" L-« jiSi aJu^-VI oJla 
4^Jj cuijJl ^J> j*yj J-JLiJl (»t5o-l jy> ojVl i_4a>bj t_ jLS^ Ol~xS 

.Lij_*jj>- Ij_~J«J f»-*J^I j-j\ j-wj-lj 4_i j j . .,r? ilj oJuljJLol oLJa_*_«JI 
*Jp oytlkJ ^ibJl ^p tlw>tJl LaLLpI ^^1 4_JuJ| OijJ <.ULy>-lj 
01 ^J-^j fc /jjLx-JLXj (_ twviS" -lij ._ljl><JI j^Jo^IjJI ASkJj -jp t *J jjJI 
(_^^j 01 *_Ja^~_> aJI t A\;5L*>i!A5CJl LiLjLSL^JJ JjJu <_£! <ujj 0_^j 
fU-iU iiUxJl iijytJl .aij^l (»^p olykUo ^ Hu\j^Ji\ oIS^AjJI 

LJij . ^cPj-Jl Cj\j\j>Ji\j I. ^ yj> j$£}\ ^jMlj tij^Ml ,*->~^JI 

j^J t lilli jj-o MJjJ t LiL» .ijplj Ajjj ijJl sJlA Ala Ajjjj jj^*i 
lJL«u la Jb <J 4pL^2j ?s^-~J <-*lS' T^a-lj J^d J' t JbJj»=Jl -JtOl^Jl [90] 



Vasco :^JaJl tUj^p <. oL_, „a,Jl Jip ^ ojuii-l o.ULlxS'NI Jp oUj">Uj (13) 

Ronchi, Histoire de la lumiere, traduit par Juliette Taton (Paris: [s. n.], 1956), 

chap. vii. 

Joseph Priestley, The : jJiJl i ol^bjl »-u> ^ jl»-( jJ JjUJI ^—iJl J^ OU»">U 

History and Present State of Discoveries Relating to Vision, Light, and Colours 

(London: [Printed for J. Johnson], 1772), pp. 498-520. 

Einstein, «Autobiographical Note». : Jiu\ (14) 
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aJuJ^- 4JLji» (f-j^i>-l 4Jl i-ijJ*J <_jLS" j\) (jLjNl f- j^>=J i—A-5 t ciliS 
iLli _^P Jkj jl Jb V iJLwoi _ L^lS" lf«u>j>*j Jj«j C->Lk*^Jl *Ja^J 
lift Ja2-!& Uj^O .fljjJl ( _ ? U liUiS" ^^io (jl jj£*Jj (J^Jtll ,_y2>tii] 

jj^j_j (j-jJJi l *&\J-c-S>y\ jl ^^aj .iJL^waJl oJu& 0y>- Ijl?-Ij U-^i 

<uj<_pl^ \j_xf- t_$JLJl J^>JI ^y J-**-!l ^ - l ^->«Jl j^;- 1 ^- j I oL-i 
^>\ji\ y jM diJi cUjLgJsJ ^Jl 4>-L>o ikalll ejus. jjSo ^ Jjj 

2— -jL»_«j fljjJNl l ^uj^J> j»_£J j^o t/jjJJI ( w^L> I ^i > ^l j»_ai *Nj-& jl 

Ij^J (jl ^yj OyS-jl, V Oi t<_pbdl (Y-La-U iOjjLjl JLPljiJlj <JLL* 

.Oj^iLw« A*j 5»-jjjJj ^wL-g_» (CJj (JjJ=> J-*jj 1 1 r^~' <Jj*p 5- j~p y* 

<w-o»_*2jl /j-a J-L~> »j^>-l <U^~U <iaj>-tA^ i.(-Xi (_£.} (_£^u CjJjaxj /i-^J 

t_)j./?dll a-iU (JjjJaJl l£~~*>«j CjLa ^^lil 4_jjLSC!| ^jAj t L^-f ilL*-a^n 



iijiiJl ^i Lj^iLu j/l oLjL^—^Lj 4_»jU (j\ <J* oJ. jU tdJJi J-f- o^Ljj .«JJb_« s^£i 
.,, lj:,« ^^^i) i>-U-l juib yi .♦^■jiJI jU iciUi ajj .viUJJ Lij»ju lx>5U yy-^> ^Jj«JI 
61 ^/l iIjl>- o-V" ^ J M aj " ^^ i_jr* LJ y^ (Harvey C. Lehman) jL^J ^jU o|_j 

Harvey Christian Lehman, Age and Achievement, :_, la ,il ./»_ > _1_«_JI j^ Sj—^Ljdl 
American Philosophical Society. Memoirs; v. 33 (Princeton: [Princeton University 
Press], 1953). 
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d\ jr JU (((JiLp ^"j «ojj!» jyjC jl jJLo JUs ts_y> Jj^ («ijJ^ f- 1 ^ 
^ _^lS1 t jju -J <*J| |ju Ji ^j^^jcJI j^o LI d)l j-» (*-*>^lj .jlislS^U 

*Aj jl*j J LjJU tN />l r-L^jL_ JjJu LyljJl o~~J pIj^-j .^L<Ji*JI 

CJjjIs JS ^JLLjl -^L/SjuJIj rtJjU>t^JI J^o L/gill IJLA jj. .wL)Jj»lj 

*J j^-*^ ^j 4,_$^UJI ^yJUJl i»LlJl ^ jL^^I ^ ^-^ ^^ 

i J^ftj o-iljlj <.4^~jllI»Jl ^uLc-1 . ./? )1 jLjLlil ij\j . jJJJu LLia ■» $Z>ti 

j-o jLi^Jl ^1^1 <_£j-^ (j-»J >^-^ J-^ t*_^L-Vl ^^Lw^Jl 6y>- 
^Js- <_pUJl jJjJl o^SCi /»j£ij .(_$jUJI _^p cl^JI ^1 ^pUJl <J^>*J1 
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IX 

l^j jjj-ub^ cLjlJl*J1 uljljjjjl <l*.L.da 



AjLLJI A^Lsb^Jl oJ.i i 4-sol>- Sjj^ajj .iiLLJl J j.y? all ^ ih-^l 

dj|JL^*yi 5JLJ_vu <_Uj^ LgJL La o^^pI i-^JLJl oljjiil jl ^^Lp 

JbJjs- (♦JyOl^j t Lj y>- jl LlfT t Lg-i J^M t^l A-a^I^j^UI Ajjj.W".H 
j^iSOl IjLjfc jl ^P .4jh_4 Ll.,., J -a OjS*J Mj tO aJlSI ,»J<_o1 -j J-**-" 

Jlj_~» ^"j-* 5 O^jr 3 it*" < *-oJ-^- i ' /r^-*- 1 . 4 -> J * *_}■"?" J '" - ( J' k — -TH ^"° 

0>-j ^j ^aj^-S jt-ijiljjl j-;^-«J ^w*~~J <--^-jJ (jjj-ll L» .^Uil 

t^Juol jjJaxilj _w*L--JI jJaxJI /^w) 4j i -Aj^JIj <l«_^IjJI Cjlijjjijl 

?L>^JiS ^5 CjIjjJ -bfo ^j6\ SjUl^Nl j_^J Sljlj^Jl (_^l 

U ^i L-ftUs> jUs Jj JjJnj jl J_> N SljIj^Jl <_^ljj -i->-l jl 
LJIp j «Sj (_^-ul i -uUJl jijt«i JuIuj IwLj <l*^«i L«-vJ I CjljiiJli .jL^u 
4_*jULj! ol_~ ^wuj^Jl jL> ;^^L^J! «_«jL>t^JI /_a *— s ,3 Ijj -^»-»- " 
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(. Jul 'fj> jjjcJi e-a-JLo I-Lj ,^j1 <*~«Jj<j| Ol jiijl Jj^-> <UjL«_4 AAjJajj 

tj-oJUJI -b>«l*Jl /_o ~*ju*fi Aii ^Js- \j.s?.~..a.a Oj£j U LJU- _^*j Jj^> 
^ i_i«lS3l ^ ajUS^I <ui Uj (U-xJI jjp o-«Sy i«jU oL«~uj» jL 

^j .l^Jl (_gi1 jl 4jIS *JuiljJl dUJJ (J^x 4*-JaJl c^^ j-* V"^ 

Jl ^>Jl J*jJI Jk*^ JJJt ^Jl jl5 L yJl*Jlj ^L-JI j_^li! ^ 

jb j^J^vjJI «_» 4 tiJJi (J^ 1 *^^jj '°JJJ j j gia' LjjJ -vi Lk^JL <Lojl 
H SljIj^Jl dJUj jU iJlj- ^^vail ^Jl <Ja^j <Lw_^jJJ JLjC-^I IJLa 

A^Zy> Jil C->I^J«j ^^Lp L*2jI (j : lg'J [^&JJ 4 <Ljjl^3 M j -uj5^Jjjj5 
jl .4-X-— Jl <x^isl jl ^j^^t^Sj^l JJU tjJfcljiaJl /^ -^i*-^ - Pj^ J 1 -**-^ 

j* J I v-JL Ul .Lf; j^LJuiljj cjjjb ^JJl dliJj! J^p N| ijjjJ [93] 
J 4_oLp A^-I^o LgJtSj jJl*J jl ^x^-j t oLo-i-olj-JI t-Jl?- <«-* 

Jii .j^j^JLJI Ojil\ JjIjI ^ jliLJl olj^j Ji* tAjjjiaJ! 4Jl<»_»J1 
^1 iiUtf| Sjf^S i^wJl i»JiVl tJli«Jl J-*-* ,_}£■ tOj^UJl JJL 
.JjJl>J! 5-L*-S^fl -ij-=rjj _yUj *J (t-gjLJiJil^j o^ t^JJij 4 4ijj«-<Jl 

tjtJij^l^j -^p U»-jji- ojjj .,<? 1L jLS' Jl« a^^JI ix-iVl jj^> ijLi 

j^Jalilj j _^>L^JI j j; kill /_j oljlj^JI /y> A^j^sjjujI <U>-uJI oJj* 

i«^L; SlJIj^JJ jl jj* .l_Aijj>-^j dLiJl ^p i_iijJl i— j>cj ^j^-UJl 
J:J Ju ^Jl uiJL^J a^LvJI oljjilli .^j^l A;5-UJl L^Ip fjj£ <>*pI 
jls UJ .Lgjli cjL~^«j*«JI aJL& ^ - ~ -i " JjL-x jj <l^«Lw«J! oL«^jJ^JI 
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LaUjIj <l)l J^-*-" L*^ ' 'Sr^^^' CjL~»j^JI jji <■*?■»./?_; U j-A iaj^l 

e-)/j_» jj j_LSol (»ViJ-i tA-ajVI Jj_»-*Jj L»JJLP *J .a-L>lj^ Sjj_vaL) 
jUaJ ^ «_«j>wJI *L< S-slc^ ei-L^J L> L ^>- r-ij^l-i fi-^~>-AJl ■ 5 'y^ 1 ' 

^1 *_*JL>c_<>JI , i-..v-5- ' o tOJjJI OJ.i («-9j .CjI—^«<j_*JI /j-* AjAj>- 
.SJuJl>- C^Lv>^wuJ»a -.wj-oilj Jl ^a^-j _?-)Jlj C 4^jJL«J1 oL»^uj_<dl 

-I.A.TJ I »-ij l.fr.9 J|Jb»tl> jl <— ■■>sj ic^' OLm^uj-4-JI 4>^Ju (J i>- 4jLala 

jjJaJ ^ji L>>~- Ijj-3 oljj-LU jl j_» ♦J-jJLj .<_£jjiJl ^J^bkJl 

a j j .,<? ij t L^J i5 J-* XoJotj jj-^' cLUi jli c a^jL^JI cjLw—« IaJ! 

[94] .ojL~^j^J| Jj 4iLyLoj iw-LvJl Jl AiLvi« ii«ilj>- 4«Uj3?- 

(j! ^Jlt (jLfcj-JI ^jJl >-SJL§j iJjL>^(JI ejus, ^y ^LJ L> j} 

jL>Jl Jla Jda t4*JLuJl Olo-i-OljJl jjji J^*^^' •f_A*^' JJ^ <_5* 
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.^?Liij| L^Ajiljj j»A>tl^J <Lpj^_><^s Lxj .ojJj^AJbj LjjD (j j5s~^j 

.iiUi jJz- j\ 5lWL>- 7^t>Jl (U?« N 4JU9UJI iyljJl A^iJlj 
4>cp ^LpUjJI -c-iiLwa ^i 4 ; sW'..a ^jlLs Lkj*\jj jSc^j ,jj}\ jLJ^U 
4-w^XaJi <l^<jL»_«j! 4_JLc- Oj^jl^ Lo_e- l_>e-stflj Lvi> j^- i-^j-j jl <c*x»-> 
dUi Oj^o jl j^-ojj .4jv*JaJU »JuJL>Jl s^JaJl jjJ~l; (jJ-Ul dkij^l 
ttiXli «-«j .f-LSNl ^^j^ij Lo LJLe-j t jt-JaP jIJlIoj LxJJL* ^yi^jJl 
^ ^j» AjjjIJJI 4j>t>JI "U^^ij <L_«_ftl j^S I. I fj>jju\ Oai O-iLS' l«-g-«_« 
AjiJaXa tiajls ^^1 °^ '—^ ^-fL*^- j^*J ^ .*— >~><^ U^Ui} <>^ 

c~~Jj .o^jIjJI ^i l^ii»-Ju jl jj JzSji jj>iil *^J-fr^ ' *bJL»j^-l j! 
«uil5 oUJuil^l J_p- Jjt^Jl ^y^ jVj aS^JL<J! p-r^J oUjJLJI 

^lp Oi^.lall ^Lj ( _y2^jL ( _ 5 .a."jC N jl U Ju M lA-j-o-UJl Cjlj^lll 
i oyj^Jlj 4_*lJL>jl i?-L>e_«j| tl^Ul UajI ^asxAJ Jj i Jaii (jla*. <Jl 

l -iS^>zJLl jl J-J^S -k-*J b*ip 4 LoJfcJl^-J 4j J»d)lj (JiaX^Jl AJa^uljj Ux-^>I_J 

Jl« ^^Ip oJjJu> aJLLiI Lk>-V jl U jJ^j JJLSj .aJL ^JlII J-^aiJJj 
iiiLoL IjJjw jl a^Ss^j T^jjbJl jL; dLL> ju^I /y<> Uj t olijyiJl sJu& P5] 
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jijj ili-aVl dJJu jl j_* _ Mjl ojLjlp! *---^-j L« j_»j _ oLijjJJl 

,»-Xj.ll -Jl (h^J JL> L'-ft— L*J *-^J .,t-L*JI <A-J3 /jP 4j -*> y>- CjLajX^a 

oy&Us> .>j^-j ,j-a j-iSi (_r^-*j^' ^—^ j^; J-fr* t ^~*rL>L" i*ilj jl5 

*>\iUJ' aJlSI j^juiljj <jJz2j t_JJaIi (jl i— ^=j ISLJ 7- .JLj 4J3-b < *L_^»»1 

:oJbJl>- <U*1p ii JaJ jl JbljJaJl ^y -AjJl>- f" »J 

N L4JJJ tOJL?-j jl tv-jL-w-SlI »JLa J_La jl Mji ia^MJj 

/jS^)-i <JJ_^»JI «L^j»-jJl ,j-4J .4—ttJjol 43 jJKxA} <UjUal*JI <ULj| /wo J^L^J 
<_£l ^j-L^ fiJUk ^LxjoI LgJ Jj-Xj jl jji ^jjo aJuJj>- Sj-AUi jj-gjg> 

-J-* 1 oL?- Jj^-j c-JulxS'l jl ^j .ii>\^JI «Lw<Jl«jI 4_^<jLwojI "y f-j^r 
•jS- f-LJil \jjJ>Z ( _ 5 xJI) "UjIaII cjLJu^IjJJ IoIa jjiL^ j^JsJI jiL* 

i_JLiLxSu LJ3yca jU t(llLjb oLj- ^*>-J *-* 4.g->...la _^ jj^j y^jlJl 
l>* J*' Lf* l/^' ieJr?^Jl C>^J ^J^> y *>>" (_si eL^>- 2>yrj 

AiU^i jj>iJ L J*&j .j-jLJI dJJi JJU 4j jj5y /J ij^JjJI /^p Luiy<^ 

. L^jULiL^i /w» (jjl *_a oJjJ^>- <jjJ2J P-jl ./?'.'" jl (_gjj , .,r? II j_« ,j~-J 
/ps is j _j« fjp -ftljlij L^1>JL»^ ,-^>J jl «JbJu>tJI ijjJiJl ySU-J 

^w-Jj 4 Lfr* J^Lio t/)^J) c->JLp j^jxJI ,i-S0l iijiaJ cJLxs US iAj 

. jjjJLuJI jjjjjl JuS ASjjJCO /»£o pJ 4jji jji jj&lji? \^j^a>- AS^J 

yo <eLc-l iSj*^*** ota ijj-liJ sJjJL^»eJI ij^JajJI OjSS jl z^SLij jl 

J»a 4X40 4^j^j>v4 Jaj J Aj-Uj (_gl t LiiL^i is j j«aJI Cju JiJI (_gj^"....^< 
.Lj-La (^"y fjjjt.y^ j^Ju jji J-* t<jr^l (ijh^-w» Oli objJaJ 
tlSLaLjjJl ^j -kjjJl kiJJi J^» jiji islkil Jiip- iijJaJ jLs t^jJlj 

.\jSj&j tiijlj^>«j| ii JiJlj t c^Lij.,r?.JI *X&j <• f- L> j^xJlj t frL^^Jlj 

io-J-Lill CjLjJixil Jy^O LAjJyg'l jj^LkJ >Lisl_4JL0 t^li">\-P I .<g J I iJLjkj 
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^^JlxJI jjJaJl jU tdJUi J-v2^- IJij .^L^w^y; ilLa! i/Lt*j *-UJl 

it * "* f ■ ** 

J^J t*-L*Jl jjiaJ 1 _ r <si .*)Li tLUi ^ *<_r*-*' ^-*J-^ < - 5 ' i^^^H (^ 

«_1l!1j jjiaJ Jti (iJLo Ji! _p-l f-j_ r iw« jl) jJuJi OjSo Lwjj 
<±Ui <jl Ij-U^l jjUI *j» Oj^^j .LIS" v^l^Jl iflj^LJI dDco 

• iUiipMl ilUJU 4-o-$-« c_jL— I i}L_Aj . c 5_ r l_Jl JJL*Jl C->Lwv?j^aJ^ 
_^~*j ^Jjl jikjl <^-?-j 01 <— '&*£ j-iLnJI J..^ tf.H ^s i— a..l.txj i_3j_-oj 
OL J-jJj 5ijj<-oJl 4jLJli ^ oJlSL- ^jjJaJ *-« iL>-|JJJ> L^SI^j ,^-bdl 

• >»1>J! A^^sOl pi J?».o ll (Jl*' e^^Ua ,pi*-H <U-JL s-LtjJ ^A 4ijj<^Ji 
SjijJ ^JJl (Jj-i5l /»-f--Jl j->^ <_pL>Jl J-yaJJl ^ < _y2j> t j8j k_ij-xj 

ejj ./? )l ijUllJ 4_«_Ja_*Jl <LJjJL*j>J| jjj> «_e-jJLj t JU- AS ^^JL^j 

01 ye-l../?." cJl£ lit L»-p JjL-iU IjlIj^o L-— iJLjk Op 4iJlL<Jl 

cJJij 01 J-sA^- C/^Jtpl^JI Jl-3 L» S jli X«^J ,j»_LJlJ 0J_J-y3 <->»>>J 

* $ > * 

cLj^U c«JuJL>JI j-*ljiaJl ^l^Jl J5j SAjJL^JI oLjJaJl Ji" JiUJ 
^-ujlx» /wo (3-^-^ f - ' JJ * — ' j-JLi ^^axsl L*5 t L^J 3-jL^ ♦-ijiljj p J^> 

_pj j*<Jj *JUJI 01 ^ dJLij 01 aJlp Lj^- VjLu i^iojLJl SjJIjJI 
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[e-jj (JLJl jl5 L-jjIi .<c~»£\j j& Ljjj^> oj-^ial i _$JJlS' ^^JLpI Jli« 
^!l LiiJ <jl c^LkL-l Jls ^jUlJI ^lijJl oJlS" lil 4jf ^1 

ij^jVl ( _ ? Lp aJIj ijaj /-^^J jl ( v r 5wJl jj^o j_^o JJU tJ-«-Jl Jlli 

( _ r »J JuJL>JJ l _ r <*£\j^i\ ^L—iS'Ml jl ojio i L&l'-Jg c- jl J^— < ^yJl 

EjJi ^J\ ^L^U^j ^-U t^yki'ly yd ^JJI (J^L«-!l (JjJ.i <jlj .LL-dl 

oUL L^U (lr 5U : : ^Jl otAiCLJJ jJLjl *LLJN( ^ ^LJuJl 

(_$Jul i_i......ll j-A IJlAj) .a^jj>-j ;_^-vu L«j aJUaJI <aJj iJblj Ajj^i 

^laJl (_yij<jj ti»iUl o*>IS1jl<JL Ja^jLJI ^LoaNI (jj^o liLJ rjA; 
«^«j <jl (^^i^ Ij^li ; jjwlill < __ s xSx3l t_jjJL-*yij iijjuJL L^I*>Ip ^p 
L^j^jl?- 'iiSJi^ A>J J^-^j (^JJI <jL*JNIi X<ijj-"i ^yJUJl jjJslJI 

eijju j-$i .Ja>JI {jf- b^-L ^j^J (jUJLaJl L J^d\ l_jjJL-^I_j isyt^Jl 
.iLsJ^J LiJs 6j\SS\ 4j>-^jj ajIj^I /» <> .,ii \_ j-bj t <j-2->o (jl Jjjj lib 

Ua->- jlJJLio j/| -^-i^" i— JLilS'lj /«J *!-< __ r ^ -*-i-*->- f ' t «-**' j g la J 3j 

[97] «jUI ciLi^l jjiL U UUj .AJljil Iks-j ^JaJl ^ aJUSjJ 

oJil ^^Jl aJj^JI (•**■* Sj_*LU ^Llc-j j|j_La k_» L_^Ljlo <*Jli ji>*j 

Ls ^ syfcUaJl fJuL (_$Jl!I ,^-i-ol^Jlj xijj *J-£- o^_*U? j^- iwi-l5Cu 

j^jJ-gJ j^p oliLLiS^I ilLol L^?-IjJ (*Jj .OjJLi sjj-v* ^-^ ^-"-j 

«-jUj ij^-a-j t^jL-Jl J yg a ll ^ Cwi?ii ^yXJl toLkJo^lj-Jl 
jl oliLlxS'Nl ^j^^d LSy*"' iJUi ^kjbl *j>-J ^* •V^' J r p V*^J^ 

CjLJaJ f-ljlljl a JfcUi (JLf' ' r^l T'W'y.J <• (J ; "■'■■" bjjli i>>^>JI 
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Ij jjfaljji *jA uj jfl b />,'■ M ciJLjo .Lg_LP SJuJL>- *4j-*2J ^jjJaj ^5\_o_j 

^jjl jJtljJaJI ^ oi>j •^—jl '4^* J * ^Lw*» J^\i- jVi "^M *-j-«J ^ 

aJlp y>lji» ^j ij»\j}ai\ y* kiJliil JaoJl LL*i s-U-UJI <=rlji i-kai 
I^ILjJj jV JLJjJl ^-viij (_jS aJ-v«»<Ji L^liv9 (V 4 -^ (^Jl aSj-UjI /»5j^jI 
LljLjJaJ *jJLJ ^Jj (.S^j-d ' a-i->-j I la "Jl lj_Aj .^ujLaJl C->L»J<J.}lj-Jt 

.~JUJI i yi>u (_$JUl ajj^I ol-V J? h.J^ cy bjb*« Ul£« 

^jjJajJl ,_5-L*i <■ 4-» :: tatb iuJti ijjkj Si'jLp ^ «.lj^-j_<Jl «-5jjJ\ 

CUTIS' \->\ J-va>«J V i_i*5b>- , yi ciUij .I^XajL* {y> li\JC^^l\ lljIjjJI 

JaA>- Aj^ia^ 4-ij-laJLi • L5 Jj'^l ijjiaJl ?=jJj jl 4_JUJl Aj^JI oJl^J 
ii'^kf- M ijiio i-3_^ A;JJ i»li<w /»jj! jJuj ^jXtl Aj^liJl ^yfcj t illkJl 
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»Jj .(_5jl^>cjl <JL— Jl 4j JiJ LijJj>- A^r^ 5 l£-^' ^L^JI iy^ iJU J ^j^jt^' 

/wo , g la," jl aJjwl>- Ou Jij /f>-*J i «^ ^jJJ '— ~*-*< 2 -j' /j-ftJ «*J\j .C-J Jl 

IJL^s jl «_oj .tLx^.lalL 4-iLbeuJl olJJiX*-«JJ <LolgJl Cj\j~Jc}\ ai-A jj.J 

jj-*-* <LS*>L*Jl <Jj_?- Lg_; L^-j^i_^wo jJaJ <Lg->-j J-^j ^ 2 W •. Jl Jj_«_^Jl 

.AJ^jLj <L>sjjLj OjJkli* jJ-aJ AJli 1<LSL>C<J| Olj JiJl 
Jjti ,j^l«j *b/ t Jij-Jl *j^Jj /\53 .4-laJLJI aJL* JC-P oljjiJl Ajjjj^s> 

t> iU_> V »}Uf ojJ* ^Jl fj^>yJ\ Ji\ ij^3\ cN <. LJU- dLSi 
AAji>jj 4j» ; .WI SJljLJI 5^-^Lx^Jl ^-^lixil _j£Sl Jj^i JL=>- ^ lajliL^I 

__^j t 4_JLkL<Jl ^u*^i> Jl i_^jkJUj 4_L*2jl <_^_r' ^rr^ 4 -^' <-£JLJJls .,*-L»Jl 

4jL>- 2 <L>jJiJ ^1 ,V->J l,^-' ; ; pljj Jj_v2^- /,5^4-oJI /y> Jj5sj )< d->u 
*-lb <_£jilj j^-il Jlj .L$jli iytjJaJl yisljJaJl ^^i*-; J^ dlj-JJ t$J 

^Jl Lgju (»Ji ^1 LSw>LjJjI ^jzLxjij 5j^?L«^Jl /jjLl^jJ ISL^Llo /— j 

^-Jj^aJ' ^Jt<JLi cLUij t <Lw^iL*l ejj..,rt)t •^1431 aXa ^~P juj JiJI OIjL* 

J_^i jj <^l : ^j*j o-JJa i i-iUi j^Lxj ( _ r -j^Lj J jjS' diii j^JLp ii^lp ^ 



Silvanus Phillips Thompson, 77ie Life of William Thomson, Baron : jlaJA (1) 
Kelvin of Largs, 2 vols. (London: [Macmillan], 1910), vol. 1, pp. 266-281. 
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LJl& IJJ . iJiVl ijaj /»jJl JJaJ Sjiajl oJL* .4JU0 ^ CJl5 ^jJ 

,*J -^jJUi j^«-Jl (J-^- cjLvsI^xpMI «JL» j^yr y.j^ i^-^-LJ 

bi c/Jj-J LSv^alLo Uai~ /wj-j jl <U;--jJ! LSwoLoJjI 4.pI w'.^Lj /v5o 

Lj^Jl! JLjc^I IJL* jl Lr U OUjJl jj^lo-i i dlSS ^1 cJUij 

oij-JUul jl jU-^J (jd^-^il ^dj^ JL«-*-^-»*>1 /^SCa-i ,f£j>-\ isA.a. . w" 
L ^x3l (J^LaJI dijil ^">U<a5 is-JLva ^y* (JJJ;J oMil*^ ^yj oliu«*«Jl 

IsjjjJl ^ JJj ^op LfJ ji^j ,_^Jl L^JlS" oULJadl ^ LfLojcL-J 

iJjJj^jJl ijjiaJl JLp (_^>-_^j jL£ ISI i. JLLJI J^-i <_r^ .sJLJLoJl 
<U^*JjI oLp^JI j_^SsJ jl (jJjjj^aJ! /w*^ t IJu>- ^trij^ *^ > " r^J- 1 ' J' 
AjjiaJI f-Uis-Lij .*- waJI APj^o J| <L—JjL a^^Jw' aSj^-UJI aL_j*-^U 
4jLl»Lo 4j JaJ j-U LfJli 4 ''-Lis (_$ J*- 1 Jsjj^Jj Ja^JLJI IJl^J 4_J»j j^I 

• IgJ 4_^l>- ills- jiScs t v^lldjjj ^ir^J /y 

jj-J f-ljJ cL>jJu>- jlSCal /»JP 4^J>J LjU ^IjIP^I JJaj (J^Jj 

jJLj ( _ ? ^jLJL^I ,»_bJl JL5 ISJj .4_^L>JI LgJMb- iS-^\j *~ij^ 

<■ . . * * 

( vJjjj t Jj| .wi*-; jl JJ ^j-*j tfJUi jU (. ^JjjjjjJI Lx^UjJJI Uiap^o 

TtjuJ C' Wfrl Jt3 A-J ijj^JI <u Jiul jL !*_&! ipi J /_>jJj>- IjJ i5o *J 
cjIp^^JI j_^SCj Ujllp iJLvs> L^Jl jv^pj ^ji j\ t- X»\S J^-i^ iiJ^ 
l»_p|j JJi (^1 (Jl Ijjiiil j^Jl Ujj .IJl>- iJLp ^Lv^-HJ L^^jJI 



:^j (P. P. Wiener) l^^-j ^J\ oUi^-y_« t JLill J_™, J_^ tj JiJl (2) 
Philosophy of Science, vol. 25 (1958), p. 298. 
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[99] 



<u*le- tjjiaj CJzi l» ti«jUh iJjJj^jJl A-^laJl Jiajj .L^P *^J^l^L 
^Jl 4jj-^~V ^ - 1 I iijJa^Jl j^plj^Jl L*_b-j .jTtjwt-zJ (Jc-^- 1 -; 4-*-^-^-« 4-jU<9 

t>" f-W </* c^H f-L*-^ (>* ^j-r 1 0& (J <>Jl jt-^l>Jl - ^U^l 
Aj^JaJl j.^ig";j .talks- j-fiaj jl ^IxJLL;^ J-^*i <_^ ^ - f^Nl 
L»^ t Jl>J (_£j( j^s jOj Jj»j *J t 4j .JLJl oUoL^oJI ajjfc /yi "UJjJj^JI 

[100] Ol viHi ^J i_aUL .aSjXJL* oLis<a TtXJ! ^JJl y& t LgJLS" j^L^JI ^y 

r_a jj^.^^^ f%->^»- (J Ct\j*P~ Jf 1 i\-^ ss> H l -*^ rt-?***^ (J^ 23 ^ ( -^-^* 1 

elj^JI iJj^ «J — ftj» JI_^»MI <«JJl1s>! ^JJI Oj.i,..^-j-Hili _ ftlj-fll 



James Bryant Conant, The Overthrow of the Phlogiston Theory; the : Jaj\ (3) 
Chemical Revolution of 1775-1789, Harvard Case Histories in Experimental 
Science; Case 2 (Cambridge, MA: Harvard University Press, 1950), pp. 13-16, and 
James Riddick Partington, A Short History of Chemistry, 2 nd ed. (London: 
= [n. pb.], 1951), pp. 85-88. 
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/-a 4_Pj-^J>wa ^c-L^- I j * ; • W " ,-i L>-L>sJ C^JLi>- *4j-k-> c£ ^ 4_JljLwi 

j-^3j>xj jl cji^-vo JJLjbi] oJ^j oL^JaJl Jlc- iksU^JI jl j^ 
JJjJJ J-— ^Jl Ui^>-*>U-!l ii-bj y^ljJaJl JJ_Lj 1 1 iL., W 7 JU*_a 
U ljil! ejlai- (_y*j) <LiUtfj e^lai- P-liJb'Mlij . Lf^il^ jl ^^j^^ll 
jl jJfc A^ols^j La jli t( Jj^l a j b.->iJl Aj-Jj jl Jmj 1 $.. '■ ->H <j£-o-> 

(_$I j^ «L-Jlp» *J-5^j 4jI (t-^jJI j-« (v-!L»Jl «_u_> -X^iJl <il)i Ji-° 
J <J^Jl dl!:> Ji-i LJLS 4JIS <d^ J 1^1* iU^Nl ^ jJUJl 

^i 4_LLvo Lo-f^>» <J^ -L>-jJ ^ iijJl /j-a 4j>-j,2 <._ ■ I la 7 jl A-iLia La 
•wo 4_JL)J^_«M C — wJ CjI jjJa^s-oJ' oJ_* .4j -JajJj 4 ^LttJI 4_^4>jLo_«j| 

c-^Jl ajLjJ oLj«_4 LfJ_^i ( _ 5 Jlp ^_ J^ U jl ^^p .4 ; 3la: oJl i^s-jJl 

.Ij^aiaJ ibjj jl -JL«Jl jjSv^j t^JMi- ^ C(^JJI 
jji J-aJ .J^>b- J -^2.->cJ 4jljU_> 4 j^l Jl t<UaiJl oJlA j-XJ> 

JI l _^. t^Lli Jl aiUNUj .^alp jJLaJ Jj^j "if f±i*\j*> flj=W 
bjJ (JjL- V <sjJI jj-a cjL^-j^j <j-WL_a Lo_^J *\jjJNI <JUi f^yi 



Helene Metzger, Newton, Stahl, Boerhaave el la doctrine chimique, '. _, lajl .^-s-jj-—* 
bibliotheque de philosophie contemporaine (Paris: [F. Alcan], 1930), part ii. 

j6\ ^illJ j* Lie iibit JJi^wJl j^ iijJ^ Uc 1 ! J-^j^l (^ ^1 2 J ^- 11 ^j^ (■*) 
Richard Bevan : _ r kJl i (Richard Bevan Braithwaite) li-jjIjjj <J^in j jLi^j j L,. »li 
Braithwaite, Scientific Explanation; A Study of the Function of Theory, Probability 
and Law in Science, Based Upon the Tamer Lectures, 1946 (Cambridge, MA: 
[Cambridge University Press], 1953), pp. 50-87, esp. p. 76. 
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<_JL>- ^1 .LgJ Jj-L>- Oi>j jl J^-i (J ^L^>! jrr*J^ L ^- t ' 

liU .j^Juilj^; j»ljj| ( _ 5 1p Ju»X*j ,jji\ oJl>-j ^.jUJl -_UJI ( _ r J (.dJJi 

[101] ^uJLill ^LL- r k-JL ii">U J Lw -JUl JLji; 4_<jU3l A-^ikJl cJlS" 
jl toL>-Li-o j j $ h <»Jlp j_ft JJLxJL- Ji_^L>*Jl Oj^_w^*i t^_^^>«J 

i^-JJL ^LJ^ JLJLdl jLS" \'i\j .(jiifi- jJc- *_Lp ^1 <_L--~Jl <_jJ-p 

aJVI jU tAj^JaJJ J'jjJLjl (J^JaJl JU^» ( _ s ifi- 4-4J2-0JI ^U*-J>jJt 

i^Jj jl t j^>-oj j^l o^A5\JL<Jl ^jj ^p ^yoJLJl Jj>tJuJl j-^J ^jJl 

t lj_ft Ay3>cJ LaJJtC-J .A^_*JI /^P- * tifcXj (jl l_ ^>tJ (_£j-At>- ~Ju ^Jl 

<ullji I4JU- i^^s" <-^j aJl>- ji ^jj^t^ t sJUt^o *y ijl>jlji ji* 

j-P tJb^LJl s-Lis-pl ,*«-*>- Lj-J *-L«-!l (T^J^ aJU- ^yAj <• *-*J.i1j-Jj 

i_^tj<1! olpjt^ j^Jl .UtAJsJ *JLiJ( t~L± ilSC "V JL^-VI (»-4>oLi 01 
y-jijJl S^U^ ^-i_^j ^J-!l fLr^' .>* cs^-*-" fJiJl t j-*J Oj^>_ jl 

jiCo-i J^i .(_^jjl!l _^1*jJI ^^^ i_^i ^^~ Lj-A^yix^ (_y*j tA~«-^>jJl 
<3j5w*> liUj ?iw^jJl LSwaLjjJl /^ iJjJ^jJl L$L«bjjJl JjliLJil *>bo 
tEi t LI ./? 2 ll j_« ip_^->^o A^^jllU ^Li^iNl iJui J-La J-£-i 
oJl^J .a— _^jJI ajj la : II ^Jlj-s 4jtA^>«^ .u~><J ^iJI iE n t . . . 1E2 

t LLaaII oJla ^_«j .«J| . . . jj_£_wJl iJL>- ^yi ibiCllj t jLsjJlj 

ipj^j-sr^o JsLjjL^I j^v^j c CjLwJ'LjjJIj (JJaJwoJI /-« 3W^" AJjj«_<j_)j 
AJwo c^iJl (jX*j I ^ „^ «-jj t4_JUi>^l j^^i-^l LI Ji-aJI j_« aJojL? 
M <.A^a\J>- iS\s>£ t iJjjj_jJl L5woLjJlJI ijLa5 o-ii ,«SJj .aJi*LL«JL 
L'wii Ei _j LjJJ jj^j^Jl LU<2iJl ipj^>^ ^Jl i^Lygi jl ^ L! Ju 
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oJLaj .ol^JtuJlj c~;ljiJt JL>=^ ^4*0" '(v/c) < <1 Jl« t<iU>J 

fjjj-yi ( V-)lj-il LjJj_^vc3 ^i 4jLlk*o iN m t . . . tN2 tNi taJ->J->- 

jl «_si»ljJi ^ jj^Li .IjjSLaj t4_jjil_>iJl jjJLiJj ti5j^>Jl ^ 

jl *-*i .JiSn ( Js- jNI i _ s x>- cc_Ailj (jUxJ.Nl UL$i dJJi **j 
o~~J Lfil Nl ti— ~Jl l^JlSLJl ^IjiJ iys>U~ aJU- ^yo Ni LLaAll 
'M ^1 ^"jrH jel^ <J_^" ^ 'J^ 1 t>* tL ^! jl -j^ o^ 

./jjb-lJj| J-*^ J>^ t\*? AL>tL*»,« CJlS' iijjaj ijJl jiJI liJLu C->y**i 

«_vi>jj| ijjjLi^JoNl Ei UL./?gil ^i c~Lia jJ| i^u\jli\j ol^JcuJli 
LUiiJI ^ s^^rj- JljJ V -^Jl • • .aJUSOIj c^jJlj c^LCJl [102] 
^ .il^Jlj 4 jU>Slj i^LlJLlj^I jLCJl J-JuJ JljJ Vj cNi 

*-* Ijbl Jjjllil) V A-XjLuJLLjVI «-^Ijj .,<•?* II a-LjJ 4_jLj-jiJl A^-t^-^Jl 

.<Jli ((-"v' J- ^*^ cr""^ 'Sr'J-^J-s-"-^ C»ljj) ,/>"\) A-jLj^-aJI a_p-Ij_«JI 

a^L.IoNI ik£Jl jl ^» ^j iUjJU- ( _ f lp <JL iJy^jJl iiiSCHi) 

4 L i **aa>z1a a&j~J\ jjSii LoJup c Jaii j .iiUs Jl Jj^>dj <LL>li 

<_^>o i!L>Jl dlL" J i_?* J> ~J 'Lg—-^ iijjJaJL) ^jJLxSGl .^Li {S-»-i 

o_~J LjiliLsil U j^i ^jill LI ,/j»Sll jli tNi L LA all if-j^j^> ^J> 
Liiuil LJj <.(j^>j tJLb jl ^^Cj Mi '^bo ULj^c- lilj .iJjJjJ 
iJj.uJl «JLu*iVl» jLt* ^ ^jX^ (_^L JSVl ^Lc-j ' jjj^ t>e^ 
/jjj_l /^Jlji cjJb liLjJ c jVl ,«£>■ 4 Lx?^>- cu?-j->i -LiJj .L>j^>^. 

.^^sii'lj'yi ^^LLoJ l_^y ^j^l --LWi ^JJI JiUJl jJj^ (*Jl>^ jijr^ 
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t<LwvjiJ c~i_j"l Jii ,o-« >tb ^JljJiJI j^m» „rc*~* *^ ( «i>L>J1 _L>JI Jl 

Jl c^J ^-/^J-" *dj-^ Cy i ^-~'^ i> ~ (_r^' '— ^.r^c-*-^ c3"° **■* J"~^ 
jjj» jl t^j-^^Sjil Jl Oj^->-j-LaJI (j^ j\ i i j~^5J\ 4jj£J> ijjiiJ 

"V cj\jj./?~.\\ J J-^>L>Jl Jjj=t^Jl j^i toU-jjJ! J| oLa-~~»>«Jl 

ol i^^-Jj -fj-L«-!l J ^jjjxJI ol^-^iJl J jJaJ ioU-M (i-^^I^H *ljj 
kiiJi oU c-L-iL^I oljj ,/»"> j\ *L_Jil JL>ol J-o-Aj *J jLixJNl 

.jjI c^ljj.,rt'"'i «L$wiJ i>-ljl ,«-& <u.»Jl<JI SjiiJI ol 4^?L>- Jj>\JL>j 

.(JUJI Jl „LLJI >, V^ ^ 

*-tj> J tj~^i L«J V^ 0_^ Ol <— c>*j ollb-*>LJl eij& o| 
jJUj tji^/l JlP ^LJLJl Jl ij^jJLj .<b LJc~w« Ij-sI <■ J>-\ (J-—I-* 
"LJlSj 4 L4JJ3-J oUJLa <L^»J-P- <J JaJ /^jj jjc\jaj\ oUjjjsJl (♦-iLx-* 
JLp iftjJliJl iJaJl J| Ujb ^JiJ ol ^^; "*J1 a^j .<u**lj olijy 

[103] j^Sl IgJU^po- ^ Ju V j^3 t JUJb>Jl L^iU- ^ L^U- <Jl^ Lgjf 

ajajjl JJl ji .sLoJLpL Ml Jj->»jJl jL>J| jJ-SCaj Nj .^jjJI I-La 
OlS" J L ^s- 4Jl jtj .JL>-Ml AjjiiJJ ib^^aJl 4jI-A^JI -Uljij t iiLJl 
t/»^iMl Aj^lg.H j?~J£ J U-jj-1^ L^jjJsijJ ^~>j ^t*"J JLi^Ml cLUi 
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jU ttoLalil \ja\ Jl*j iijJaJl ^5S o.iU-[ j^j .AJ ^ys lijj^ jlS' 

/Sj .LaUi>j U^-s^jJ ( ^ v iitfj sj caJLscujI cjUJu^IjJI /^j 4jjJ&_^?- 
JuiiJl o} .c-iL^Lj a^jJ j\ cc->LjLS' i-pJ ji 4^-Ajj^il^o J-oLi 

,<(liL *J> AsJ&l^fi 4Jjli« AiJjLLo LJU- tj>-oJ 2 (Jj C<A^ (_£JJ! )t^ 

i-^JuJl a^*.jU_<J! aJlAj ( _ s 1p Jyj^j (U-«J c^J-*-'^ ^H^' j^y.J ^^ 

iJ^lJI iiijJ! 5t5llJl oJU j^. t>lft-Lo t^to j-lfr «jLJ| OjiJJ 4jibJl 
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Jls \j^>- oL> Jj-lSli .ijiLJI ^L^^l oL_aL> c^L>J-lg..^2o-j Lf-'-o 

i*Jb t jjjJl ^y^-j tJjlJLJlj tj^JJl ciiJi ^i Uj i^L-^aJl yfcljJaJl 

e-_pJJL cJlSo <Jj*yi oljiJl ^1 (Jj^ - ' oLL^> i^wJ Lol .4-—L-VI 
.jJjJI ->j_b»- £jU- J-^> cfJJJJ ^j (.^y-J? Jji j^ii- jJU ^1 
cJuJlpJI 7-jjJL; J^r*^' iiL-«Nl ,j-o (Moliere) j^)y> (j-^-«J J-*j 

4^»u 4.14 . "1 jj a alO jj-S i! rH" T" J** tS^' *'— ' y*m [V ^L^j-* LaJLXP 
,L<2i ^JLf- *jl~Jl jj-iiJl /w« j-J>- 2 I t-d.,<-?„'Jl J^L>-J .4~1| <L>j^> is ji 

f\y&i\ JU dJUi ^j .^-^Jl ^r*^ 11 J-*-*JI 0-» W=* N !*>>- 

Ot>\^w» Ls- JLLsj t4^ol> Ojt^aj L^J )( i^ia 'a^- <-■ m3 C- CjyS<J^Ji 

o«Jl oj^jt-oJl o!-L*LL^Jl j-^^aj o^LpN 4_!jL>«_« ,j^j^-J 4j*AiJl 



Marie Boas, «The :_ r JiJI cI_..j_<k_p <, ol^-JLI ^^i^ J_p oLt^J (5) 
Establishment of the Mechanical Philosophy ,» Osiris, vol. 10 (1952), pp. 412-541. 
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L>-Lj L^o jiS\ tA-Jj'bll 4jj>Lw>JI cjL~-~~>JI o^LpLsJj ol5y>Jl 
oi L*-J .JaJLs iji^-lj Lot* L^-^^jJ *Ai-« Jlj>-LJj .3djJL>- i_jjL>t^J 

_J»J >Aj ta-L>JI AS Jj-b>- i i^ljjJJ 9^J)jji ^Jl ^Juo! aLxJil 

t(Huyghens) 3^-*jj-*> *LJudl LfJ-P :>ljj .LfJ j-~*-" J-=>- Jji f-^j [105] 
Oj-Ali? ^^L^ i_jjL>^j 4-jJ->- oLj (Wallis) (j^Jl jj t(Wren) jj^ij 

,_$jJ <5' j j>JI ^L^ ^ O^J*-" *-*-* ^JLjJl jjJliJ! ^i jl^jljjlj 

j^iljjl ^jS^Uj t^lp «jLJI OjxJI ^ C-Iva?- c5j^"' oJjAP oNb- 

* * s» 

^Xa-<»JU C 4^x^Js ijji "Uji?- AA^S CjO l4jiLJI lOLa^^wjOl /^a ^"jj 



Rene Dugas, La Mecanique au XVIIe siecle, des antecedents : j h Jl (6) 

scoJastiques a la pensee classique (Neuchatel: [Editions du Griffon], 1954), pp. 177- 
185, 284-298 and 345-58. 
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Ijii ^jJJI «-^jf5 Lj^J otAS^JLjl _^£! j^4 jli' ijiUJJ ^^ISL* 

(j^ji l<U~iJ l. l jjy 1r sj .^^-jj ££jL<Jl t—tLS" ^J $j\j^\ fi^H^J^ 1 . 

(Jjj~> 'UjiaJ (j^aSj jA y^liiil -Lw>-^Jl J^-^ (JlSj .^^Ip /j-aliJl jjJill 

^ (_^V i_sLk*Jl iLgJ ^ jjiil jj^O J dDi *^>j .Uajl *—l j (J Ik; 
i—jLxS' jjJ ^ jJUJl i^jL-a ^ f-UJbJl J>^£ i^^wjj .oljJaJl ajl* 

^j*> <LjSL>JI jL JLoJJ ^i!l sjJiJl L>tjjjj IjJlJjJ JJii i^JLp «jLJI 

^\ lijS- A^Xj) C~>lSj tLjjJLi *^\j tJUaJ iJ^-J '^J-^* ^^^-v^dJI 
4,w>jJlj tJSClJlj ;j»js^>J| ^ U aL-^-^I ^ ili-ljJl olJuLJlj 

[106] i^ iLli j~&j LjijyS iJjIj tSiLJJ oU-^j LgJl ^^Lc- t45jj>Jlj 

. Ulj^x U ^1 

((4-L^ajDU ^t Ij^JLSuj jl ^^wJbj^iCJl jj-L1oj jLS" cJll*Jl J~~» 
^Jl!1 *y£\ diJJu *-«^>-_p 'S^f\ Oji <y ( J\j j 4&\ JLJJ 1>\Jj>Ji\ 



I. Bernard Cohen, Franklin and Newton; an Inquiry into : j t II (7) 

Speculative Newtonian Experimental Science and Franklin's Work in Electricity as 
an Example Thereof, Memoirs of the American Philosophical Society; v. 43 
(Philadelphia: [American Philosophical Society], 1956), chaps, vi-vii. 
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Ji I^JLS" ^JJI >»LlaJi ^ lih^> UliaJ 4^5L;_ r gj0l j-fcl^JaJl C^j> j£> 

^y L>\ .4j>^jUj (^-U-^ L^Jl l5 JU- t^y* ^ ^LJl 4Ja-^.1jj ^jjs^Jl 

l1*^J1 ^Ltf-jjJL*j I^jU (jjiUi ^j-u^pl ^-^JuJl ^jAi^zi\ *{jj r $£}\j 
jLs- (jj>Wl jyiJi ^^l (>• ^rr^l (»— ill <l)li .S-iLJl J-^l-3 c5y ^ 



Ibid, chaps, viii-ix. : JaA t^L^^SGl J^ (8) 

Metzger, Newton, Stahl, Boerhaave et la doctrine chimique, : _ r kjl t t\^-^-SJ\ Jj 
part i. 
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7~j^s\ k-ij^j ^IxjI ^UajaJI ,-ij .LoJ-P j^j jl /kS\-<»_> Lfj l>-j^o_w_4 

.jJUJl La^-Ju' ^Lw ^ ^* 

[107] <jyt^>Jl ^^ olijyLll eJuk J^- <^j->-! 4-h-sl fL^l^xl -S^jj 

j_« Oj-«-;j ij-^^JLi jl ^L^-jiOl ( _ 5 JLp <1)ISj .^_JLw4_j5l)l cj"%£-\-oz}\ 
dj& liUJ _ L^ Ijl»-(j o_^~j>-jJu3I jlS" _ ^JlJI iLJi aJjI «^iL»» 

oj^Lillj <LLiJl SjjiJl ,_^ijy ^ *L*^Jl jU^>- ^J i^^lj tioL^^XJl 
jp (j^LJl (Clerk Maxwell) Jjj-^U iij 1 ^ iijLi c Lajlj 

IjJLp *_v»LJl OjjUl (_^ l^?-*'^' jjfJ-J-JI s-j^aJI ,_^i 4— >-j_«Jl ijjJajJl 



Emile Meyerson, Identity and Reality, Translated into English by : J _li_.1 (9) 
Kate Lowenberg (New York: [Macmillan], 1930), chap. x. 



199 



l e& juj-^^L* <Li JaJ OwvijSj J_Jj .LijLv^ |J_i Lo_a i —x-v/'l 5"-j_JlJI 

tJjj^vi'U hjiaJ J&j .i-jLw-VI dibJ U-Jj (j^jJi 6l£j iAjIjJI 

Jjjbdl ^ySj .l^» i_^>-*"*-N -b>JLJl <^-4Sj^ ^Ju C^JtOl^i 4~X~0J oJDb- 

J_>j-~£L« r-L>o| iJuljJLa J^_JL>j Jjj t ^jJLaJl Oj-AjI ,j-^ t_^jy\ 
"u5o j^j Lo y^j i ^s^-*-^ "^-j p^£ Ajli«j i_£.iLo <^j^ Ja-^j ^yrj ls^ 

<.5JU J ^5' «^lj|» j* **>l£]1 jL bjj&ii «-ULJI Juu J_j .tjj/y\ [108] 

Apx^jJl C~JlSj . Lr 0slp ^-P *yS jJS I ^bj jl (_£.JJl L» JjJj>rj OjJ ^ 

4~^Jl Aj_,iaJl jjgla; e_ ;c ^ 45^ -SjLgjJl ^ 

oJlA O-j^JsN Jil <4-o-»l tipJ^JL«Jt o^Lx^j <U^£lJL<J t^^JjJl 
e-liij fyJiJ (iS a^JU^o o^Uj ,Jj>t»~j j»JL<iJI ^cjjIj jL ilib>o^ Jli Ji 



Edmund Taylor Whittaker, A History of the Theories of Aether : & \\ (10) 
and Electricity, 2 vols., Rev. and enl. ed. (London; New York: [T. Nelson, 1951- 
1953]), vol. 1: The Classical Theories, pp. 28-30. 

<.ift_jwij ijj~S <U>e-*)U t^ddl J^»JI i»ftAl iii-Ju-J **J^ *JjL# (J^- J-!A1j*AJ (11) 

Charles Coulston Gillispie, The Edge of Objectivity; an Essay in the History : J b '■< 
of Scientific Ideas (Princeton, NJ: [Princeton University Press], 1960). 
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,J| ig->-j,s t^JLff- yLiU OjiJl f-Ld-P ^j^Sl -L* y »<JL<JI IgJl y>tA 
.pjjjl iJAJ.5 /^ L^>j>- Ui«J <U>-jli>- ,-jI*-*J ^j^-J iJL> i_r~^ •t_s~~" 

tilJi iLc-l Jij «. <jL5j a I olol^J ?-j-»i ,ei /wlx*ijjj ft^>sJ tlrdj-*- *-^' 
* * & 

^>i_^<JI Ja>JI I-SJl 15Lj15wo jjiaj i_r^ s ' "^ ' f-^ .4jU1>- 5-jj-lo 

ilj_<jL! (£j*-\ CjLwjj tJ^icJl 4_!U-j tjjJJl \y?~jj^i (1)1 1 1, .lac- 

[109] s-IjJ^I <_jS jlSCJl (i-Jj .^L^JsLj^j^SOI SjJaJl ^ t^>jL=r 0_^J 

^jt Lo t*L^|l ^ ajj ^ ttJ^jo jl L5 j-~-J aSj ^jVI ^1 »y> 

4_4-i>J 0-115 ciili ojji ^J .^u^JLJl Ajjla.'JU iL^j^ j^Joiij^Jl 
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<_$_^>xj N j\ <_£_^>o ^\ oLslSCJl js- ,JL*JI j^h <jl /vJu^ljJl 

jl Lojj .L^jL-^Laj ^viLjl ^>JjJl iJUp^j] T^Jsy_ Ajajjp- oLaJl*-«jl 

L^a^> A^>i. i-»j i^^>y pjjjjlj jlJJjcuI /-« *_^-S" ^rj-i (J^ o>^. wll 

oJLaLL^JI Ala j~*j aJajjAJI dlLj jU cis^Ua-oJ! AijJaj LgiLllS'l 
L^jl OL»Jo.llj_JI C— Jjj . f »_L»JJ ■.^.l^o-ll jjJaXJL) AjjJkjj>- i 4jj>tlllj 
^ Igjl _^P .UJLwJ>J ^1 CjLjJiJl J*Ai- J^a ^J><-)\ i*L^Jl t-iJjj 
(j^J .j^l <iJL~«jl ^ ajjfcj L { £jS>-\ ^jj^ (»Jl>ul t dJ_^7 'U^l 

^jj M oL>j<joIj-JI jl t^U- J-^j tLoLaj ^J iiLoVl »— »jil 
t cjLjJu^IjJI Jl^-I <u>Jjtj f-Lol t j^JLuJIj .joj\-><J\ * •■ .,<? I <Uj_aj^>JI 

-jii<Jl JjL>JIj o*>lSsJL»Jl i^jj-Ls ^Jl>J ^xJl 



.43" 



t J-sAaJ| IJlA L^a IJlXjI ^jlll ikiJl ^1 ilk^-^UJl sJla UJljju 

4^-j^j (_$JJI iww-vJl ^1 L* is^jj^? SjLi| Jjl jijj L$jV cdUij 

jj t o ^ I J3~5 -^-£" ' <Jl>5^> J ,f/2Jl_ Jl I ft g .,^8.«j «_a olj^U^-^*" t l.ft^.'lj 

iy ci^* ■ s ^* * l =~ <_?* Ij'i^ s«j c <^^xj ^J-f- L^-^j-ii ( _ 5 x3l ^jL«_aJI 

?t>t>Jl ^ dllj J5 Oj£jJ t 4j f-jL<JI («JuiljJl lfrJ>jJU ^yi\ di-lb 

^yaiJl oy^llaJ l.,tf J iJj>-\ *_^Lw-i i]L*j .»lla:JL ?cUJ L5 l5l 4jyljLll 
O jiUt«jl 4 L^j < wiisLj *bl 6jw2jj l Jjaj ,Jjl ( _ ? iJal«jl ^Lodl ^i 
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iJLwft jl ^Ji •*->j_y oNiL^-a i-^Jy^l^l oV:>U«Jl ,L*>*j (_$ JJl 

.(JLAjJIj AjjUt^jl Jj^LwOJ I ,»_JaJlj j^Aj>^J)\ "yi 4j^Jbjj>- ^xSl LLw^i 

( _ s xJl ^ oLJoiljJl jl ^ykj t5Ju>-lj i!L~» j^l ^^5- o-iiU JLii 
4_i Oji^i ( _ f ^-*J (_r^j^i 0' (_s* V-*'-'' <_s^ u - ) ^' ^-*' .(JjJI t-tfJjJ 
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X 



(UJL*J| jj^l SjJsajJl (ji L-)lj-j-L3U l(gfllr-»3J Cilj^jJl 



/wo j— s^LoJI C*->*-Jl A?^wk «Lvaj>sJ J_x_>j I *_L*JI p-j°y> /jjLowi 
*>\jli <_slx$Jl JJ J^ (1)1 lj-^»U*Jl 7ujU\ JLp Jj\jbj \S^a *iy> 
frLaJjJU .L^Jta __ r ^L» A^jij JUJl jli tcL^JyjI^Jl ^rr*-^ L»JLP <U^ 
"CXyal J (jjJiljj 5JjJj>- OiJ^I ijj~j •ijJ^- (»-*JiljJ («_*-5jA; jjjjj' 
J}L>- JJ^J «-LJ-*Jl jl tiUi Jy> L-oJbl _ ; i5'Nl jj-£j U-jjJ -«J-i-^>- 

tiijJLJl j»^jIjjLj i o j_r~i LoJj_p iilx^oj oJliJj>- pL^il cijl will 

jl jJ U-S' ^Nl J-^J -J-^i <j-« i. .^ ; i| tjjiiJ -ii \y\S "ecS~a\ ^i 
«-L_^Vl 4_J £y y>-\ i~*SjS Jl eL*«J JJL-.il jJ fa> '. ^.^Jl -U-JLjl 

t Ln_j5> .Lvijl asJU j^ >L»il Igjf (£jj t (_jux>tJ frj^i> .J JijJUJI 
^ Ml j_^. N jJUJl dJUi Jl >LJLJl *_^J f b Uj .LiJbi~. aJ 

J j. .,/?->- Jjo f»-fjj Jj-SJI J < '■PjJ •^li <. AJjljUtjj <iJjJ L» U^J>- 
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oLojSfl c^J (JLJI (JU oM^^J iJjMl iUiVl Ji^j 
jJLj jl^ Li .t_^S" a-?-_^ L§JL ( jJlW.t->Jl (_^j-^Jl J_pxJJ ii^JUJl 

jily LfJi VI t(L»jb jj^jJD) <_JuLLI 4-L\i j~pj tij^rjjJu Oji^j* 

<_£jj <iajji>- -^p 1 -" (_^| j^i iS^ ^JUaJlj .bj^P ^^LtJI i_jjwUJl 

*Jjjl oxJ *>(>«-j( dL UjsJI {iJLc i£ji LJwo c Oj-^^^^oj 4Ja_Uj>s^ Usjiai>- 
aJi_a J_La ^ jJLp Jj yg >- J_*j VI ^j^-Jj .iijJLa Lj^-iJ Oji 
(J^jj JUJl Jlp old ^ cJUaJI j~4u ^ <ujj\ ^j, oVj^dl 

aJl^ju <^JJI jJLOl j_£J .i_~^u-j toi" ^wj^l^jj <JLO' ot^i L. til 

* ' <* 

j»_l*Jl .V'J t *-&>■ y Ja^^t^Jl Aj>,. Jaj c L0L3J IjjJ bjU ( v~J i»_JUaJ! 
<_£:>UJl ^y^JL^i jJJaxll ^yjj -kj^wJl ^o iJu>^ <0| Jj .<^j^-I if>- ^ 
jJLidl ^Jcj L-Jup tdJJJJ .<pL7l ^Ip <_Jlk!i <_j*p ^111 ^UJI 

jtJLc- jJi~w' tidUS Jj«i «l! (i-ij ji -L*->j .lJo-b»- oJlW ...■>- ^j^j ol 

(_£JJl *JI*J1j A^ila^i <jjUi« -CijLia j£Uj N UJLp tiiLftj L* 1«&>«J 

^jlJ^Jl jji^j liLj ?-j-^-j j^-l iw*-— - lijiij -(Ui (V 4^1ajLt jL? 
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^yi^-iJli . (Hanover) jijJl*. J-$-*-<J <_yJcJJa.ll J*w«-)l ^ -UjLm-« 

<i ; ,/?->_Jti <Lojlj '(_$** pi— v* 4jL>- j j g Jg ^A 4j>c^lJ!j t iljljlla'.ll jji 

jl j-» J-va?- (_$JJlj .oljLkJl /W>J J-H> <^r> ^LS" L*^ -^-^ jr 
c-LJiMI jj-/» i— J.a." jjdl oL^Juul JL^jti-ul ( J-^- ijjo _$JJI ^i>«JL!l 

^ (jjjJl iyJ jLli*-N Ijjwai4 (jjlil ^Uc-iSfl ^J- Jills' 

f. * * 

[H3] ^ l_-jJ (jljjl <_J-p iSj^H (JL*JI (Jl Ji_^* u^j^" ^^"1^ 1j-<»_L>vXj 

*_$Jj^>- ^1 c-oJJi Jljjl fl^l Ml JjjJ M IjJli" (.(SiLi) ixi^s 

L^iS" (jljjMl \jji jl j^&jjJ^oj jLv? tiJISCJl ijjjj-isJl oMji<Jl 



George M. Stratton, «Vision without Inversion of Uly^l iJu^Ml l_>jL><JI (1) 
the Retinal lmage,» Psychological Review, vol. 4 (1897), pp. 341-360 and 463-481. 

Harvey Carr, An Introduction to Space Perception, : \*jy, a^Aj- JS\ <*>\ja ol U5 
Longman's Psychology Series (New York: [Longmans, Green and co.], 1935), 
pp. 18-57. 
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.L^oj-i /J-^ <— 3 ycJU p-w-wJ 4-JIS" S JL4J j y&?x3 (Jj\ JJ^P <l*3 jX<JI -*£- 

<_£JJl c^yUjI i— >jL>tiJl t_j.il Jl iL>Li SjJiijj . t 2^^i^— ^' *^j^~J 
jj*> +Ju}\fi Ai* \lJ* jl> /tJ^j <-v*JI (Jj*-^ t j*>^uJI jUL* -Wi^l o> 
i _ r Lp -ujl*_. jL-JVl t>\jj L>i .4JI- ^j^^Jl iilji^U iSjJj^ ^j-* 

jl Ajj^aJl _ Ajjj^j) <Cj~!>- ■oJjS- Lo JjP-j t^Jl J^*-i (_^^J\ ^J"-^ 

c__La Oj^j jl t>^-*i ^ iw-jjJjJl 1JIA JJLo 1— jLp Jj .UajI (_$jj 
^^ji*! M[ 4 (William James) (j—*^ (t-Jj <-ij-~wLiJt ejLyJ Uij 

jl /»-l*il «jjb /^J^jJI /j-4 .J_\-^ -1>-J t«^?-)(l c_->lj^JI J J 
jj^Jlfc iA l_gi .a r~^ OUL>ol OlS e>^ke-\ ~*3>y*0 y*j\ l_>jl>i_jl f-| *Jl 

J3 idlk*S_>Jl t ^jfcl_ r Jl /»J^u»j t ivsU- ojj-aj t(N. R. Hanson) 

Oj^^^J tULJl jl ^J^i jl jLJ^I /fSCal li| Lik^a ISL.JI jiS"lj 

.•*pi o^j ^IS" ^1 iilj^l J oN^>J >T Jl cJj ^ 

LgJlJ I 4_^»- j_a <U^-jJ iS_wwJI t_JjL>t_JI jl jJ j»_C-JL>J I <_U_0 f-ej 



Albert H. Hastorf, «The Influence of ' _, & II i.4_U_«l J_* Jj ,/> ^JJ (2) 
Suggestion on the Relationship between Stimulus Size and Perceived Distance,* 
Journal of Psychology, vol. 29 (1950), pp. 195-217, and Jerome S. Bruner, Leo 
Postman and John Rodrigues, «Expectations and the Perception of Color,» 
American Journal of Psychology, vol. 64 (1951), pp. 216-227. 

Norwood Russell Hanson, Patterns of Discovery; an Inquiry into : j .W ll (3) 

the Conceptual Foundations of Science (Cambridge, Ma: [Cambridge University 

Press], 1958), chap. i. 
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"%*J ,jPy^ ( _ r $i .ciLSi ^» __ r LSl jj-£^ jl jwLxJ cjL>Jl A-x , . la > 
c ( _ jr *l*Jl jjJaxi] <jJ5j-« jjiJ jl J^*j <_^-~^ i3lj^!>U ^yajLjai^ 

L^jjLaj ic^l C <U3j ...,r? o.llj <LjLl*jl oJjbLL*Jl jl C^J J Lg-)l j-^C- 
i*_Js jlj dJJi ^^U- ^^ijj • ( _^Ua>JI dlbj iijLlj <.<JUj>«-J| *JLp 

[114] tAJi^lc- C^IS jJLJ (—-jL^Jl aJLA Ju*^_> jl ^jirJjLJl Jt<Jl ^Jl? jl^ 

jl ^^J jl Ljl£*j ^1 ikSll ^lyl Sljl i^-^J jl ^1 LJlp Li 
• L*y_# jl ,*i^ M ^jJI <ilkj t^LjjbJl L*yjj 

^yv^Jl iSlj-sj jl *-j>j*j. ( _ g x)lW...t>>Jl ^ytll x^>Udl jLJ^l jj 

N jl ^jAj <uVj .*-jOj ^yi L^ili Ojj-^ i*Jai jl <Uvjij i jLx^sJI dL~aj 

^Jj JjljJL^ j^>«J (JL^ 4-ftL iJl 4j>-J-J 4-J^i t 4ja-w>c-J ^i r^«-J JlS *.~Jti 

ASLlII ^jJ} (j~Jj 'LfJl j^~! <_r^' iijjJi ^^-Lp o_^>-j-<JI Jgjk>Jl 

lo) Jj-«j jl ij-XIC- 4ASv»jj t /jJlxJJI v^a LI (^^j jl jji /^i i»jia>Jl 
oJUfc 4_LJL>- C £_£ w 4j| ((Uj /-« <LC-Jj-JLa Ojj-vSJ AJ jj (i-Lc- jJi-S-J f»-J 

*-9jJ*j t AL»JIjj .i_jjUJ| ( _ ? 1p *_Jj15j iia-S" LaI^j A^Jj tJ»jiaj>Jl 
•jis^>j i^h^j^Ij) *ijI-»Jl ^-P k_^*JJl [Jjj iijjxlJ *_*2>1>J1 ^yai^jJl 
tic>-jU- ilaJLi jV JjaJ Ji jjS^j jl Jj N ^^—^l ^UM <J' (<pli| 
4ijj ^5| ^^ij jlS - t(^lj U^c- jJalll L ya«-;j t<Gl JiS'l JlS ti_J^>«Jl ^1 
^ U^ t^jJUdl ^Ift ^ji* .C-ijJI JljJs j^JJl *\Sj*m (JjUji A^wtti- 

j^Ie- jL*^Jl iJUi j^ju c Lg-lS* L-gJ iCU^Jl a^-jJj^L^JI »_->jL>cJl 

.ijUiJI ^^Jl iil^>fl oUlSUl 
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l Y*s\& .4-^a_LxJI S-LkLJiw&Jl *_« L»L»J j!„5vj«Jj i^ijjj^Jl jl r~& 

4j^>t^lj *-s^Uo! -^a^c*iJI lLIo JL>sS') o*>ISwxJu Utw3 ^jjj ^j^ 

^^A^si i JLi / -_ k a\^J s 1L 6j->^j jl ji-}L««Jl fUa^l li| 0^-£_^Jl 
Lftf-Lol j-~-*j f-j-ygJl jL5 ^Jt 4_J^ojJI e^^illi .^LjJUaJL^JI <_-)jL>Jl 

L^J *ij 0^3 (^i _ i* ji s^i oJL£ i. ((U-;— j>- UL?-)j i»-j^ UL?4» 

<^*i)l jL iSiji^lj 51>-j^Jl ISLilSLdi jj^-'-i Ml <C^j *Jj - U Uai- 
.*•! 4— Jl ,J-^ OU*^-»>Jlj Oc»-j^JI /-P i_AU>woj 4j|-L j^li /jJ" J-* 

illji^fl oMj^xJ c^iiij ISI i,*-LjJI db>-» J <j> Jj>«_JlJ! jj-Soi 
Je- *L_UJ! Li -y> 4<bt*2^ ,*i_£J N JLii tjwu^ljjl oi^^Ju ^ j*JI [115] 
«b j ia '. .i iULlpMl Jl Jj-StJL^Ji <-lj-S-J ">^9 .Sj_J>L_a olj_J<jJl oJLfc 

(_$j! j! ojjlc-1 juUn : j-»-2JI Jl jJi~; j-*j ' ^uSU-iJl ^■j^Lj^jj^' 
j-w»ij Ji ^l&l ll^i .((^jiG LoU <^jl jMl L5 ^lij 'W 5 '^ 

i Jjj .<>Li ifl /-o <» v J I>t~>w2 jli ^jj^wwliaj />UaJ jb -^*i l_?~*~° 

ju5J» :0jJU>J! lilLLJt ^_Lc Jl J^uJl jLJ^I J^L. tdUi ^ 
c^iS ^jSjj bSj£ " & y <• (aJ\ jJ 1^5 jmju\ OuIj jl) j^JLii o~~j>- 

.4*JL*J! oljjiil Jj,ya->- Jjw i^j^i Jj^l J-* Pj^l 1^4* • (( Uai>- Jp 
4J y^l LUp V_po jl A-^JuJl <ijji\ J N_pJ aiU J^o JlS" liij 
.JjJ>x^Jt dlli JLp Sj^iL-a 4i^UA>J OiL^J. (*J^J ^ -^ C<— -IJ y^l 

jl jjsj c^JiL-a _^j ^J,^ LJ^ jjjt- cL->«-J jl Lu-Lp i_~?xj L 
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(Sir J-Jij-sjn [«— Jj j-j— jI i_il_J^5! j^j-ij ■ t— a -^ JLXj jl t cj1j_JcJI 
(_jjljj Jl^j. Jj! (Uranus) ^jJljjl <._*5j_£JU William Herschel) 

L j_<i iJ_P (_^lj -L9j . *_SjJL«JI ..., fr tw^jiJJI <^jj 4_j j_>cJ <s_^jj_9 eljlo^o 

wU^jJL t j-~s^L M iX>- v yi ij r zr l jjj s i\ jy) y ■*-*■* (t-fc* <j-*-i 'tlr^c^-^' 
lfU^L> jl j^ wb M jlS" 4Jl j^l y>J^ £-J>\y> ^j> <uj»J c c _ 5 SCLaJl 
«L^jL_a s wj^p /t^* jJ ciui <1jX^- j3j to-JjJI cLUj ^j ((-"j-j'jj' 
JLa-l ioj>tJl JukUi JUi yJiiLj .1781 j 1690 yle- y> U 4-iL^a 

<lJ1 ( _^y jl y<-»-J\ y jl5 jA\ aSj>^\ ik^%o dji y 1769 
c 4^~a> f-^-^JI Jj»Li L«.Up ^LS>j~a <lL«j Lo lijfcj .(_$ji>-l <^4Jf<J 4jj^j 

IJu t *ij Jii L« Uai>- jLSo .j»j^xJl *_« c_ijJU ^_p ^« I jjisj t ( h^ J iJl 

.A-v»jl (jJJJlX; ^LaII -Ijy L« ,J| *,«-""-'' klLJi <JJ-f! oJb-L>o Jj>-I JJLJ 

<u_Jili C->}(jL>^ J_*jj tjj^Jj aJ_P J-»->j ! IJu Jj>- LjJu) 4JULxSl /fP 
J_~*5LJ ^-j^il toLjJuJl Ji^-I jIj_« *_« aJ_*LL<Jl <L5^>J| 4_««-t>L<J 
dLii j_J LoJl^pj . (4) v _? j _^ ciLLi jj^L, JJ jIj_^JI j! (Lexell) 
LS'jS' i^^l^Jl iJiP iljj t jl5 U^> Jil c_^Jl ^Jlp jU4? 4^-l_^iVl 

Sjj^aj 1781 aL* Jj«-j (^_^ jL^ toL°jJI (j-* Oji jJIj-s^J ojLii?-lj 



Peter Doig, Concise History of Astronomy, with a Foreword by Sir :_ r kJl (4) 
Harold Spencer Jones (London: [Chapman and Hall], 1950), pp. 115-116. 
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Ijjj jl ^y> j-wX i iJl j5L» ^JJl ijJjJl ^yi Jj^jJI 01 

JlaLLJI * < _ r ^JI dJJi iJtjil ^ _yl 4ji JC jJ h_-SjSJ*I c^-yljjl 

jl A^is-wJI ,v>j .j-ixi <_£-Lo -L«j1 C-JIS a>ouXs ■>— .*>«j jjjLwJI ^ 

wlC-L* jS tJuJjJt i-J>j!> (^JJl CjtJuiljj! cs* i— a-aIsJI ^^-JtJI Jj^> 

^ jJjJ 1 1801 aLp Ju»j <• ?-ij-~> oLLi5M j-wjiCLiJl ^(Jlp| ( _ ? J_c- 
dJJj j^Lfr JJjLlI jl *-» tolX>^S3l j^ S^-JwsJl SJuJuJl ^I^Jl 

olj.il 4Ja_c*ilj_>j 4 LiUil t_*_Slj-£ ^L>t-j^ jjJl*i_-^*JI jj-sXJuJi 
s^ fit.! dLUJl jJlp gjjl: y^j . <5) yL* ^B j^ill ^ JjSli 

Ij^Jw Mjl Ijij Ji ( v C jjJ«Jl ^^iCLiil jl ^ \ >/>.>- La LvJ>j^ LoL>- 
jjiil *_ ivaJ Jt>U- ^iUij tjjLJl ^ ioLJ cJL? ^Jl oljL>_~JI ^ 

jj ; ,;, ...,^-lLi ?JuJu>JI ^j-SLj^jj-^ ♦Jtj.ilj.; ?-ij-Xil t— . -JLp (_$JJ1 



Rudolf Wolf, Geschichte der Astronomie, Geschichte der :_, lj ., il (5) 

Wissenschaften in Deutschland. Neucre Zeit; 16 (Miinchen: [R. Oldenbourg], 
1877), pp. 513-515 and 683-693. 

oliLij^Nl ojjk ?-j-i 5JL»i« (Wolf) i iJ_s_? "_iv'j >- . » ■/!_! <_jLj5 <"L«»L>- Sjj-aj *ii>-N 

. (Bode) *y j_^iUJ l>=-^5 
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(_^Jl!I (jjL->JI jJci\ ^yl-c- sx^-jJl iliaVl sjujl>JI U>cJIj Ay»«.«JtJI 
JLii .^j^LjjjjS Jj«j S^^L-a ^jjjl tilLiJl — .Lp oljL»— - ^yi j-4-** 

[117] *Sj4 II j\j . ijlill M^Jlj ^U£D Ijj>^>^> olS" ^iil ^UaiJl 

^1 OjjJa^J LoJuP eJUJL?- f-L^^ jVjSOjjJl 4jJj jla./g* jVlUl 4Pj~Jlj 

t/^^SvJLiil <jl Jj-^l <_ji «— «- ^jj l-Jjt?iJ 4<u_>Ji oljilj i^jJii «-L-JM 
.cfJUiS" cJli' iJUJl jl _^J US' j^ixj 5jUc^i 

jjjUj o^ dJLUJl jJU J-a LaJlijuJl iJULoVl 0_ r JL^I Jlij 

o-oJ oL>iJ w .,f? a /-a i—aJLo aJJu AwLii L> LJLp 5jjL*^J1 eJUoULoJl 
t Jiii _>jLixJl aJufc JJLa ^£j .Lw_«J 4 ./? lljol aJjfcLLoJl _J| 4_Uaj 
o!jl*L1» ^j iLoLSJl SlJIj^Jl JlLo LLw^. Jl>J <jl J^U ol Luiw; 
,L?-_aJj5wJl (%-jL^ i— jjL>txl ( y .«-i^'l>Jl ( -tf>U^iVi o(jlaLL«j *LJi>ul 

44JUSJI aljl^jl aJU JJLa JU £-UJNl J\ ^IlI^J v LjT ^j> 



Joseph Needham, Science and Civilisation in China (Cambridge, : j_ 1» il (6) 
MA: [Cambridge University Press, 1954-2004]), vol. 3: Mathematics and the 
Sciences of the Heavens and the Earth, pp. 423-429 and 434-436. 

Thomas S. Kuhn, The Copernican Revolution; Planetary : J \i ;l (7) 

Astronomy in the Development of Western Thought (Cambridge, MA: [Harvard 
University Press], 1957), pp. 206-209. 
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l _J^\ Lr <JLJl lilji^l oN_p^J jp ~ a jlr^ &y^ ^II*! LLL* L^>-Ij 
J, J,y>s ^£J tLwMj Ip-Uj «i;jj»j "^^ ^Jl_jJsp> ^J.k.^JU 

jL?ol oL^liJ (_$Ju>-J jt-gJL^o ^ » ^ i-Jo o\S Lo-Up (. 5jj5c^ a j j . f-? i 

ijj-^S^JI aL^>-N| ^P Jjy ^^JLj I fc....t 443IS Jjlii l^^^Jl j^P 

jjiJI jJjsLLj J Li L» JiVl c? 1p IJlaj .Lg^p jloJ J\ L^Jl>- ^1 

/j53j 4 (i-^jVl i*oL>«Jl SjJL jl LSLjLSwo bljjj! ( _ r iJj) i^SL-Jl 

iJ - r ~Sjj* jL|j>- _,!£> jl LJ lHJa5 ^S"LJl ^L^^iOl JuLuil <_£jj 
t^^&Jl jl*j JbLdl d)l5 j .LJap l^^^So A^JbJ jvjiwiJl (Hauksbee) 

(,<gL>cjI (_3tAj— /w» c JjUJul ^ . ^•' 1 sL>oj .-y*~£jA LaIj jeJi o-^-^JI 

j^iJl Jiljl ^j . ^Ji ^1 ^Li^J ^xJl S^UiJ! j^ v iL^Jl [ng] 



Duane Emerson Roller and Duane H. D. Roller, The Development : _,iiJl (8) 
of the Concept of Electric Charge; Electricity from the Greeks to Coulomb, Harvard 
Case Histories in Experimental Science; Case 8 (Cambridge, MA: [Harvard 
University Press], 1954), pp. 21-29. 
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iib j£\ iililij CjJla^J. I j£>\ 'k^\j_j^S\ ykl^Jiil oJl5 ij^P (j- 3 ^ 

jV^ff jvJ ,j-Ls~ *_>L~JI Oj-tfJI jJ_aI_JL<i LaIj jc^-Sl ^JlLj ( j_« LpjJJj 
*>*i c LiisCo jL^>ll jL^> jl«J .J-i ^ "Ij: 1 . o\£ U^- LUi^ liJi <_£^j 

g-U -g >JJ Jw?J--> jaS- <JjL*j jUJa^jjO (jljLjJ-x^o Ou>ljU! 0^»c — gSI 

(jlj 'Ljjjiljj^ j^ LJli JuLi .frL_*_;JCJl f »_Lp Tt-ijU j-a «^1jl*jl^I 

j ftJ C^p-j <. j^m>- jiju\ *-i^-& t\jA l Js^~jjj iS'J *■— "->■ (V-^-^j' 

^j, 0j^J> <4>-j U^jI jJu jl ^jljiV ^jIp LoIjJ jlS" t^^—^jNl 
jl t JLlJI J;-,-" ^-^ <• A -)^ 0^» -j-^ iijJLo "*j*pS <£y>-\ *\y> 

^Sll J^»Jl ^ 4-*^>l\ (Sji 'SriJ^y^ J^ 5 'j)^^! uiLL^N 



-Jl ^j>_ ^111 ^iSli Jlj c^b5Jl (JL* ^ ^L_!l LaA)1 J> Uibll Jl Ji;l (9) 
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jl Jj^J! ( _ 5 J_p LJL>*_, iUaxTiM Ijl_» jli c«4j_Lj^» bJj» ^Ij 
^ -Uo^a Ji«Jlj caJUjU ^ LjiLi'} *>&> "Vjl iwJlk; lu£j ii—ujjJl 

y<LS>-j\Sj aJlJLlJI (»L~>- il /w« ji>-l jl ">\_JLi L«-^w>- (f-^Jl (*-iaji-<j (^ij 

i]^>^ J-jil'l ,»-~>Jl jl IjJi^l jjjJJl j.Jj.^jVl ^Jl 4~-Jli .ajI^JI [119] 

jl j^c- .(t-4^ 1 <SL>*ljj <Ul>ij 45y>- Jj«j ki-Uij i *zS j>- -bLiiJ ^yo 4jaJsJ 
* ^ p 

L*>) aJ ?L>-jLl«jl «_»«>jl ^J] j-«~> J-*J (_5'J '4-^Ij ^-^T /r* * ♦JlJLp 

=* t- 

^Jl Olj-aj Oj|j-4 l^ulj <t5^>Jl jl^J ^ /t^O L»-v»^- (_^l t (JjJ-L)) 

t^jj-l obL/? jJlJLp JL&Li ;jl_lLjl dlij -Ujjj Ju«->j •^i^-' *^ L« 

P ^ p 

4_^SLw«L_;Ju( <c_> .JaJ «-lj^>-l /►-» wJuSnJI L^-JLp- («-^ 1 1 vaj! ^<I^JJ 
t^ljjjl oLL^> /-a ^JljLc- wL«jl--Ij .ilU^lj *u«j)l JiS^I c5JuwL>Jl 
sJ_^jJ1j 4-Ut£Jlj ioLs^aJl ^ik^Jl -uLlibw* cJllaJl (U;-- ^jl^ 

t j t o O^bJlj C<lL>jJL^ ^.P^J (»— vJ>Jl jjj iJ*>\Ji^ ( _ f JU- jljS-jJJ 

cjLj^w^JI ( _ y Lc- j>Lv^>-Vl lLjIS'^J iyL^Jl ifr^^Jlj (_p_^»jdl f-liij^l 

Galileo Galilei, Dialogues Concerning Two New Sciences, ]a '^ (10) 

Translated from the Italian and Latin into English by Henry Crew and Alfonso de 
Salvio (Evanston, 111: Northwestern University, 1946), pp. 80-81 and 162-166. 



216 



j^JaJ *y 4jji**JI dilj jl Ib-t>U t^j53 .^OjiJl jJUls- ^dj-^ J-^i 
.?>t>-jLuj| ,^**>JJ AsS-yJfjA j\ <SJ Ji£l oJUfcULa sjj-^ ^J Ljfc 1 g ...a> 

^jill jlj^* !AJ ^ijlj-ll ix^Jl ^ iliu^ ^lyJl j'j^' 'jj- 5 J' j^y-^ - 
Ajjj ^l <b Oil ^IjJL aJLLoJI 6jJaJ if>-j jii i90 ^1 J..,«aj Jli 

til jJuj Lo jl Jj . iSLa oLliS'l jNl b^L>j L-* jJ^j _^1 /»UkJ( 

iiL ol5^>Jl Ji^tJ k_jji t ( _ r JKj«-!l ( _ y JLp tj4i .Ijbl 4 : !?■„.> jl 4.1,L"J 
jj JjJI oLoJ«_>.>Ij_j /yj j^-L^o fv-i-iil _j j«-*J i*u«_9IJljI ojJLJl 4_> .JaJ 

'Uii-li iji ^51 LftO .« (T^ f*-"*-^ Oj^X«~-<JI A5 jjOl <jl _L*4jj <. ^k^ J I 
jlSj .ijlJu AlS"jj>- (jJisl i^i-!l iiy>>^Jl cJiLiil ^la.xljj <ui 4-£-jjy> 

(. (Nicole Oresme) f>jjjl <Jj_SL.Jj (Jean Boridan) jIj_»jj_j jl_>- 
Lijjlj cj^Lp ajI^JI jj-i!l ^ LiU- jlJUJl oLv-jjuJl jLJUJl Uj&j 

[120] ^ijjj^Jl (j-Jj'Nl it$Ji~/» J-*i1 OJdj ^^ 4j<iljJl SjiJl.^Ja'.t 

^ybj AjtiljJl oji.1l o^ll^J -J 4 jJ_jJl <-jjJ> ili>J -lip ^jl 4j<i|jLii 

iL>>Jl ^a r-'J-'' _yj~^' ~'- ,J S! i ~ "^ -*-* J J ' a r^ J-' 4 -°j'-*-' -W? r^jj' J v *~^ 
cjLsA1X» ^^ Jj^?jJi j»Jj jl ,_^J a-blj^o «ii eji Lpjlj JjNl <jL5Co 

t ( _ r »S'L>u<Jl eL^J^fl ^ yjJl i*iljJ-l SjJjJl 7tjjj kilii -*-*-;j ciS'^^JI 

jl L^5L*j A.<>Ja.V%« 4-_L4-P ^i ljl5\Jkj t i^JLL)! a-»JJ Jj-il r'J-^ J-s^J 



.244j 94-91 ,y> <kJl jJwai! (11) 
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4_^Jb_a Jj! aJ[S jVl jXy± j^-j-«Jl j^^>JJ ^JL>_a "A-J^J c>dJj' 

A^>-_j "y> t -?c^lj ASwoj i i JL=»- <L->ji a JaJ 4-g->-J O-JlSj . ^IjlU 
4-g-p-j oJlSj . L y\jX!)\ ijJ>>\^> Ij* JjN Lg-; i — >jL5 ( _ S J| j-J_JLp jiaj 

5JL9- ^ ju5"bJijj sfjjjji ^^" <_?*^ ty-*^" - L>t -'' <_^ 4i^sU-< jJiJi 

j »_i_ol J _Jl dLb f-lj-li-l J-^J .A.S'j^JJ ^^j-LoJl «JljJl jv-ijjljj 
O-ilSj iJbJl LaJlaULJ (j-xljJ Oj-alis i3L_A jXj *J t^^jJUjI 
^xl jjJI SjJiUs OJ^-jl Jij .3 ll^JI ojUs^>ijLj Jj-L>0o BJu>- jJI SjJduaJl 

a*- >^y^ j-^ ^ *-«-^j c^i ^ ix ^ j-* '^^ j^ (^*-> 

<-S'j J-*J ^*i3j^ i_s* J_p^ <JLj (, JjL^j^ ^jf- 'Ujjl^iN jl tjia— jl 

v "* ft 

Ijj«_jI *-%J\ uyu\ /-« Lix^j f-jj^La (_j^-*-° -^rj^ J-*J • Lfjb H*^"^ 

tlg-L^-L" olS^NL Juo jtJ 4.L— Nl ei-S> ?4i-hi^o *JI_^P j_ji ,v$.t^j 
LglS' 4_>*jjbJl 5jLLa*y 1 s-a.^»^j _^l 4J_jJL» (_$^J-I iL^is ^J^J^ siJUij 

s-I^JLJI ^« Ijrr^ <J' jl^j^JI \^j .o*>Lfrl J^j><^> J-Ss^Lj o^i ^jlSI 
JLoJl j^. a" "VI (j-sJ j^j^Ij-JI *-» ^-o Lo o\ Jj^JI jjJo^wwu 

J* ft 

jl_g_?-j -k^s^dJl <U«_wJaj Ijbl AJjIj L^Jb Ju>tj ^A (^-il CjIJlaULoJJ 
( _ 5 JjUvj J j 0[ JUj ;oi-A J iaJl 4-g->-j ^il bLi— Ij . l5 ~j>JI iilji^l 

olj^^JJ L>_fJljL&Ltwa lj_~J L»_gjXJ l ( j~>^~. 5j^I LIj ^jljiNj 

^ liki-l Lv^jXI t^ljJl _^JLJUj j k .„ jl (jlj dills' tiiLi^a [121] 

.L_*t^ alj Lo LaJfc jy+Ai 



Marshall Clagetl, The Science of Mechanics in the Middle Ages, : ^-Ji-Jl (12) 
University of Wisconsin Publications in Medieval Science; 4 (Madison, Wis.: 
[University of Wisconsin Press], 1959), pp. 537-538 and 570. 
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djJo^j Lo ^Jl |JL>- iijJL«Jl I j jg : \\ tJu* d\ jj-ii\ ( _ r L^ dj-*' 

ALa J-b L5j l l j£l -iSy*^ ^kj^ 3 - 1 . <^>^> jj^o-^Jl (j- o_^v ^ -^ 

j^aj^IjJI jl UoLi* o^io ^ tjj-iSl ?«jjIj ,_j3 i _ s ^^j iaJJJI ,%-Lf-j 
(_yi *J<-olj-Jl dJJi <5lii-l jUtf> J>ij .L> Lp^ j_yi*U- j-a ^jlJLLJI 

(_£JJ| (»Ju«jl 5-cjjLJ «Lu>iIjJj ajjl IX^a a u./8 ij t V>*^J?\j j\^> (. 4_3f-*^L«J) 

. iijj w2Ju LaLXJI »Jaj<^i UA aJ| 4^~ ij 

LgJi j^ 4^'JLJliJl ^^jt-Jl -JoiljJl ^ aL->JJ *>VjLi %Ju 4»J>I 
j^L> U-U^ 4Jl Jji l$jJb*j ( yJl aj_^<» „<?]| L^i Lc-j ^^pI ct>lL« Lili 

^ y J> =* ft 

<b_y>j^>- ^51 sjj-^2j Lg-jIS Lijljjj<-^aJl c-s-Xi -iij .L*<ljJ ^yliJl t£\jj 
jj*± *y jJbJl of ^o : JAILS' cJvaiJI \xA -L^\^i\ J^>Jl ,y 

Jl>JI ^ jj5o Moj>- *_£AJ jl A-Lcj ji LJLp t)l joii* ^U tdJJi 
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^IjjJli ,iJL>«-« fW'lj l?**-*-'. ^^ oLJajcaJl 0—~J tdjil pULoJl 

p. f. ** <■ 

*t*l*Jl L^*^tj ^j\ cA.la».,>,)t 6j^j t^ilta jJ^ *^j -6 *x^^>-jJLiil 
J^JLJI jl ^L Ul JIcJ ^xJl ^LUjJ! o! dJUi ^ *J»Vlj .iib^> [122] 

*-iJtP frlj-^-Jl ,V j' t^ljJl oralis ^Jl jwijj^JI Js>jjL*JI oydUi •_« 
L_i^5"j •*•<_,-* <_<J j-j—ulill a~Li W t^j^-^SjMl ^1 6_^— >-j-UJi 
La^^jLj ^j^L! i^U ol J? *j> 1— 'L-t- JL*--^i cIUJlS' 0j& 61 (j-S^-j 
IJo^ljj ( ^ V 2j (jJJl (JUJI 6L3 JjJLi* 6_^io 61 ,j-a Vjuj ^(JL»Ji 
4jLgj*-!j-d_ij .*LwJ»*bM <«_Jujj oLxJlp (J—JLj (^Jol Jj>-JL? j-& IJuJl>- 

j-Lsj t ( _*>l_jjJL» aJLsajuJI cjIj_*LL<JI ^JJLp ^JLi t -*56JI (J-^-s 

i-iLij j^JuLwi i_c —„". j j t Oa_jl_^JI sjL>c_>i_Lj <t_j|JLJiL^w« jJa_^jl 
oLxJJL o«-_^lu^Jl <^-U-jJL ivaL>Jl- o!JlaL1*JI (Musschenbroek) 
oJL* -yi *^A5 jl ^^ .twii^loJJ <ulJiftLL« -yJS^lji j-lij tA-SL^50l 

t(_JjLp -*1p rut \*j>- Coils' Jul! .j^Ju^Ijj 2j>-J iJ> J^i Cj\j i ~*JCj\ 

ill* I jij JLi <^Jli!l J..,/?.aJl jlSj .JL>-j 61 J^— < (vJuiljj ii>Lv?j 
ia^J ^ Juij iilaVl dilij .LjS'jvo \jji j-y^^i\ L^j (J^l *^nr^ 
n-s^jtj *JL*JI 615 tL^La J5 ^>j .(±j_p»Jl j-o iis-LJl 4j^5^l 
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,<u^£j <_s-XJI pjjJLJl Jl <L~JL 

oloJu.ll jj\i ,A>*s>t^aj jl I j cJaJjj IJuiljj pj-v2j jl <U$L«o _ a .Js-^! 
j>Jlp yol^Ji illjil Ml ^^J iA$Jl ^i (_pL*Jl jJjJI <uJl <_pjj Lo jli 

t L^w^J «_-^-L^ i^-ol>=J LajL^JI ISj ajjfcj -UajI olaj^l ^[j 1/iijJl 

L^JujSCo <jjj ^ ^SCoJj 4 4JLL* i^otp <U>tJ-l "cS^r"'' (^1 (( (j^l 
[123] oL-wuLwO jc-Sj .L^-J (U"- ^W^lr 1 °J-" Jj^J t p.<,..," 6JLjJl>- 4_4jjJa_i 

^^^sSj ( Ji!>\ t4_L)LkjL<Jl Cj|j_ftUaJlj «JjjJl *»J_P olj-Alii Sj-^- 

*l>rl <_/>>- j\ ^^xa -UlJjl ^yU c — J \-&\ Nl c^JiJl pJoil^JL 



Subconscient intuition, et logique dans la recherche scientifique : j la !' (13) 

(Conference faite au Palais de la Decouverte le 8 Decembre 1945), Edited by 
Jacques Hadamard ([Alencon: n. pb., n. d.]), pp. 7-8. 

Jacques : ^ i-^JL^Jl c^ t ,,.,., ^ ^JL jj-^a^ aJI ^j> (v-^^JL j~^h J-*^' o^j^ ^-'"j 
Hadamard, The Mathematician's Mind: The Psychology of Invention in the 
Mathematical Field (Princeton, NJ: [Princeton University Press], 1949). 
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lo g .voJi.pl j^ Ap-LJj /r^- C _ 5 ^JI CjL WH-oJl lS J!s La t JL-lj .jw-ljjJlj 

VLg-Jl^ L«_^Jwa jl?-Ij A£ Jj-^>j -^ <5 JLi^sJI L>,^*^. : ij / r oili>e_4jl 

i_ij_^. ts-^^JaJl isjJL~Jl B^JfcUs ^jj jl -L*_j i^k ■■oj > y\ 0_?-LJli 

(Ja-jSfl cl^Ul ^U L. Ij^Li i! t JiVl JLp JLilu jl) ^^JL 

pMJl cJjJlj t<uJl J_aJ ^JLSl LS iji[jJ\ S-Uj'j^Ij tj j^>Jl jjj 
<DjJLo «_o iAj^JiJl O^jJLoJl cLJLS' di-lj .j^£L»* 5JU- ^ ^JL^J 

-Ljj JL^waJI t ^jLol .JX>«JI jjJlLo-i />>J ft-JJ . (>L~?-il /j-a /»_>-->- 

jJii .jtiJLp jJUJl L^Ll^l ^1 ^IjiJl 7t^> jl tCJ^jJLjl .±1lLj 
JJ ^>sJi SiLi ^jip _ y~\ (Jjj-laj i_iJJi A«i jSj _ ^jjjti o_ r v2j>tJl 

CJj_JL^I 4j«_}|jJ| ojjjjl AjJaJj iL^-&jj>- Ja-^jJl c<LilkJl aL^js-NI 
_^JLJLp oL^jl C~£>-j aJuJoJl <LJj_!s>t>LsNlj tiJLj o^laLla IS yt}\ 
t^aJsJl L-a-yaJj <■ JjjJl ^li JJJiJj . (15) 45^JJ ijylJlil Sjj^aJl Jl [124] 
tsJufc O-lLSj (.la-Li to-L^ljJl ojl^JL&Nl aJ_aj tOjIjJl i^lj^Mj 

j_LJLi- ^^Iji ?rLj^ La^^j^wij (j-Ss^j ( _^Jl c>l ; !a«-<Jl ^jjsi L. ..^»1l ; 



Thomas S. Kuhn, «A Function for Thought Experiments,)) in: : j t >l (14) 

Alexandre Koyre, Melanges Alexandre Koyre, publies a loccasion de son soixante- 
dixiime anniversaire, histoire de la pensee; 12-13, 2 vols. (Paris: Hermann, [1964]). 

Alexandre Koyre: Etudes galiliennes, actualites scientifiques et : a il (15) 

industrielles; 852-854, 3 vols. (Paris: Hermann, 1939), vol. 1: A I'aube de la science 
classique, pp. 46-51, and «Galileo and Plato,» Journal of the History of Ideas 
(Baltimore), vol. 4 (1943), pp. 400-428. 
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t> * P 

jjfcljJaJl oJLi" <.j_JLJIp oLoJuiljj ,j--L— I ^j^ 1 -*-* •^jjj-vi' v_JLp^I 

iw c-i-XJ ,4^^>c3 /^*j L>-a \js>- i-jji jj^ljJl olSy>- Ji-o <uJaI^<JI 

( _ y U oLS" (_£JJI ciLij5"yi jj!>j tijjljJl ow ^ 05 iUi^wa l _ r «ljjJ! 

i*1»j>-LM ^Jt\ i^^JL 5i_^>-j^ t v r 5C; J (J jJ! 4 o,la,:; <Jl _ybl jJaJ\ j| .4iJj^' 
(4_*~JaJl L^J-iJ LgJ 4JLL0V ij^>-j N t «JljJl ^ '(_^lj) ^^u-jVl 

L Jit-j c *^JJi jL? JJLs .aj^^«JI sjU>cj>tJL ^/?~-*o cjLLsL» IjJu^— j 

I jjLS" /j-.,. \i .tji\ Jv>-JJ .aJjL*_«j 4jjLe- .^p -AUs 1 j^-g-oJi-OljJ ^L^l 

^* ojU^>Jl Js^JL*. oyssQj ^ykj t, Ja.,.„, >M 1 i)U>Jl IjJuiU Ji Ju5LJL; 

- p p 

(jLcJ oJlIc- 45_pJl ciL-Li cJlS" dilJJj .aJlojJI ^ <j*-^j t<Ul>J( 

jLtvsUJl U-Aj t4~^JL<JI 4-1531 eJuJIj t APjW.floU iJL^Jl 4jL_v«jL 
<.4P-~Ji Ja-lijia t Jf I t6ji-jj jl L_ _>tJ U jUxIlj (jLjUl <jU~wjlJL)l 

4iL^«Jl jl ts^^Ji-Nl 4J_^L- 4JaiJ f-jJL ^l 4:», :; Ui rj*-^-* _/r«j>Jl 

4.ia.tf'Jl ^Jl iiLw^JI ^yA iS'_^>JI J^\3- 4Jaj>J ^1 ^i 4i*^jJ| oli 



Kuhn.Ibid. :>ll(16) 

Koyre, Etudes galileennes, vol. 2: La L<?*' de la chute des corps: : j la . il (17) 

Descartes et Galilee, pp. 7-11. 
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4JL JaJl sJLa ( _^<jJUJl JJLjl j^i- Sij • i _^j<^' ^ i:^""'J f^£- jj-g-^«*»jl 
AJy>- ojj,.,^j *ijjl Sji f »Ju^ljj Jwa-ij tiiiij caS^JI Jj jJaJl J 

.4^j}>- ajj ./?< jj ■."'■ ijy>- ^ak'.a o.LJL*j CJ S- will OuWlP AJfi^l ajj 

iS^UJl olS i^Lill ^wjUJI jli tlJJ ajIjJI ikJU j-c- Juol LJ5 

Ja_^jJL«_i c jJuJLp- JLkj t Li J.LP jLi«j«_i Ut^yjl jl ItJ Ls /jjjj ■/> "> 
J*)t?- --a iaiLJl _^?«->dl -LaULj iaXs- /XJj .aJ^I <Lc- -_JIj ip^^Jl 

L l r»\j^\ JJU I 4JU t4X<o \*y>- jljj-AXJl JIJl* J^v-^J (_£^l ,»JoiljJl 

f-jL*J cjIJ *Sy*Lj_ .U.3 . ...J 5jL>«j><Jl jl «j-Svi-> lj^-ji jjjJJt JjIj^I 

<L» : .. laJl ^ iJu>t» f*-!^ J *ij-*r p JjUl* J C-JlS" ^Jl aJuJu>dl 

Ujup clj^U Jlj, M ^JUU jlS CjJUJl dUS J ^l^ jl* *:! Jl 
jLJ cdLIi «_«j .(jlj L» j> la .ojl (_$lj ISL«J r-j-^—>, jl 'jUlJ^ 

/fXj .fvJ jL>tJ>- J I i?J.l..»U <fljbCU«JI jJ_JLP --J>tJ wJiL^lJl (_JjJL?T^ttJI 

. tla.ujl a -. >■ ^ ai>t*j 



Clagett, The Science of Mechanics in the Middle Ages, chaps, iv, : j-JiJl (18) 
vi and ix. 
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I J_£j /j^JsA^s Oj-Xj (j 1 4^»-L?tj Ljl L>«_v='lj Ij-^l ,>««-> t La-Jsj 

^jdl ^5— xJl -^j^l ^^ ^1 _ ((S^JiLJl S^^JJU j-xj J5LiJl 
t L^ ./>„>*& JU_p 4 ^ l?r. ^Jl LgJli'^LiO Lg-»j J_aJ J^j- A\ ^kji\jt La Jj-j 

^yJl i>ti!l e^^iJl jl pL>Jl oLL*-<Jl ^p »JlSuj Ujup Bj>Lp Ldlp 

<~- «>-l Jl <Jj^i L*jjj .,J-*JlJ J' »$■"■■" I L>J t -*JjOI C~>=JI ,*jLo L$J-a 

*Jl*il L^j^>tj ^}\ cjL-LaJIj <L^^>Jl ^LoLJl c^LUj«JI <Jtil> l~>-lj 

(J-jLnjJ A^i_LvSJ oJlj>-lj 4jJJI OjSJi L»_;jj t 4-1.5 Lw=- olJL»LJLj> 

Ml ,j~Jj -f-!^' "^ji L* -^j^j ,_^JI or*-" S^y-*' cjt^ ^LpUaJNl 
a ^ a."L^v.i> L^s a -j>JI OjSLj 4 a w *. a i^i^J jl uiXoj (j^JaJI oJLa (_£wb-L 

4_. ^ C->LSljJ>! ^ la ■ 11 is j a-^Jlj ^lj-Jl <1>j-£j M I 4-J j - I Jul 

[126] SJLaLLo L&^jjJ jj| 4jw>IjJ| u^iLJajt^JJ kaicJ** Cj^jIj Jj t iaJL>t» 

iy>t-o oL , b.Jl ., L*>j • 4j^Lj>-j ixjU 4 *^>tJI 6-j>J1 La /^Jj 

,JLp i djji ijMj oJl<Jj ti^^jJl a. a-vJLi.il oJ-JijI L« LJLp ^Jl 
tjjJa^i JjJu ^L-P JL>- ^j ■ lS j-> "j-*j 'rw'ljj (jjjj-^ v'j^ 
it—iii >«-«j .^Ju' SJUsI^il ^Lj diij jJaJl ip-j VpP ^^LicJl Jl>-1 

(»jij I^J-xj- cjMjL>t^ <jlj tilLxi ajj ../ii L^xiJbj <_^^%^ •*■*■' (^ W^i* 

C^Mjl^t-a ^ jJ_J t4j^Lw>- Ol-L*LLo 4jJ JLi-J (Jj^ j^p diJJo 
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■* ft ft 

UjiJ <&>o f>Jil> jl AJ dUJi" O—J ^ 'J-*^' <_^ (j-^ - (*Jl-*^ 

ft l- 

ft -* «■ 

i g„.r3,->cij jl l— Swl^J ^yi^J IJJj CAjljCul ^£Sl <Lu«J- OlSljjl <_£j^*v*J 

■I ft * * 

iftLwaJ ^w?^i ^J^^ J - *J-' W>^ tiaii ULi.5 Ua>*i (_pL*Jl ii^>fcJl 

*J<_ol .Ju JJL>Cj CJU^uLJiJIj oU-o-xjl jlj .(Jj-Jb> *_*j.sl .J o ,_«JLa 
^jP U^j^-j .i^S^oJl ^j^Xp^JI oLLojkJI J^ *^» J-ab^J ^ (*-^b 

>«-* j^Jij^l^J! LjL1*j 4-L^Jl oli ?xJLJl viiJj rt-LJl ^^ixxj tdlli 

4jiL« Ajj^>s-o ^cjuJj j aJJ<_0iuXj 4jSXu>b-«JI OL«JlJ.ilj^Jl *-Lj_Lp (J* *-* 

jL^ij iiJLsJuJl oLJLwJl o->^,J tiiDJLS' .* ( __ i _kJl iajJLJl 4_SUxj 

0)j*>Ul cilllJs i 4-o-b,;.Lj ajj) ./> >j 4 Lgjl i ^jJk /wj^c— vSjNl ( w£?l_^i>- 

JiLoj LLol Jl_)j ^ « ojliCo o^JLiJl Jj«j Ujy AjtAi Jjo t j^SCij 
jlj -JJUJlj <_r~^ ^j^ <J> *-ij^> J^ Jujljo <ioUJl IJU 

i( i)L>- ,-Aj tip-uj 6_^5" -Aljji j-iJj Aij-l>Jl (_vJ^>ilJI C^Li^P 

jl j^Jaj >_JjNlj ikJl JlLaj .LfJ*-* J-oUJI ^jift ijjJa".!! diL; jJlSj 

cLoJjJIj t iik^a s-L^ii J^ji L§j1S A;5wJl clpUflJ^I U^J /^J^-j ^27] 

A^SLwJi oLftl . la.il Lo-frJ t /^-JL^-j jl (Vj-j tL-iil JJ-*^ IwJlaJ L <Jl 

iijJLlJl Sj-JiL-fl (^jJ-^j iLjJli *->z^jJ\ ( _ 5 JLft (^jJ-^l aJ^^I j-x. 
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{y> ^Jj^JI dJUS J^JL^J ijjL>- iljL>^o <_£l » U : . ..." J jNl ,^-j 

ob-jjisNl ^ liJLP Sj_4j ^wG iJ^-\j 4w»L>- ^ i]j^JJ OJ14JI 

i. ^j-^j-Ji » »Ua>iJI /y> L» <=•)->- /y Ji <UjL>- <L^Jlc- Ajjiaj /y> XaJL^^a 

.^L-» w>Jl j^j 4.ak: <Jl ^i- objjLJl A? ^ ojj^J jl JjbtJ j»J 

li-A /j-a .ij_g_>sJl j! ^-3 cLLi 4_oJ i)~~J .<U-AjLa ?^-jLzJ ,J} \j*ajj 

<oL^j ^i (Nelson Goodman) jlo j_p jj_^J_J <_£lj jli" t Ja^^JL 
:JLi jj-p- {Structure of Appearance) Sj-*UaJI i-Ju : 4jLx5' oIj_&1 
yol^liJl yc] ^1 yt U> ^Jl dLjJl (jJuO N o\ Ji>Jl ( y^- ^j» 



Nelson Goodman, The Structure of Appearance (Cambridge, : j la . .1 (19) 

MA: [Harvard University Press], 1951), pp. 4-5. 

Oj^Jcij jLSL^ jl5 lip) : jj»j <■ j-?5\ jIjJLw <u j 3 .*,..: ...,> jl j->«.;.>. 1 . V? all lJL» 
tSlUj 180j 175 ^j L. j_^_^ jjJJlj i^o^jj ..j^^ (.1947 ^U ^ c (Wilmington) 
^ (rt-allj y^^l jj«-iJl t|i 1947 fLJI ^ jj^JLij ^j ♦—ill j^-^j tli[ 4^1 «-»jj<-i 
JI3-JI Ut . . .,^-^-b ^.^ ^ Ji-Jb jl Vi»j 180j 175 ^ L» 0>. ti-UI 1947 ^UJI 
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.dJJi 

^2 LjX_« jjJb>u> ^LjJuOI jl /V*J Jl IuSvoj t Oj JaJI a Jj& t«*J 

*_a L»_)jj) wjIjJjIj /^jjt^Sj 2I «_4 jjJL«L»jo l»jjl^- t . g : .^jL>_a [128] 
( »_g_; J - ; _>J 4_w^.L^-Vl cuUj-SLJ( L^Ji ^Jls- (olJjjj-^JNlj oljJJl 

s« * - * t. 

Jiu (^*>-l /»L*l>-Ij cisS'j^J! oLal>Jlj t cjLaiSLiJIj t^/liAJl f-I^Jlj 
jLs 4,ai_A ( _~*j>Jl dijbNl ioLpj_yj>j_o *_* iJjLL^JLj .LajI «1» 
tU-£j5 t^^-oJl i^SLj. 4J Jlp cjU-Uki^lj C £_ 7 ^«JI ^LLJl cjUI^S 

Uap-*bl jl J-— -lij) .ji^> _/>*j- ^1 ^ko Ua^tf- Lf^jj ,J>£- (JWI 

<UXJj .Q';k; QsjJL^/ \jjJ jl .^'..X^-l jJP-l (T -^ -^ >,l ^ J f-Lvi-pl jl 

o^3- ctlL_> jl jJiij V j^-p j^^" <_s^l ;^- : ; l£-^' (t-!L*Jl jl ^y-^ 

jvJujIjj <• y>-\ *Jt-pljj J">U- Jy 4jjj Jui t «oIj)* •wsl^jl i>jj ( j_J 
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jli^l? ^ 4L>15 c*U-Lwwo jjlvaij ^^bJlj f.L_LJl *>lSo .IjUj Ijij 
6X*_a aJUjcl^^Ij Jjj^LjJl oNjJLJl J^" jjid Ujllc- NJ tS^JJl 

^ L^iJa^ y «UL» US' Ji^> <_£JJl JikJU _ JjJbr 0~j ^jj^ j! 
yoj t LaLjuj JaJii /»-L*~> j <*l (JJ (W <-^->l-''^il /Sr*^ <j?H j-~r' /V^" 

j^5-Ul /j*j (jj^jjjl yajo *-L*^J C<U— 4J oJj-ll ^ 14JJnJ .<U>I L? A 
; 4jL«_S jj j l 4_L*_S ^Jij j-JCLj C dUJJ LLJaj .6^>^j oJi^>-lj ,j-tJl 

^..^>,.».tJI 4^-<^^o \y~j2J1j liyiA-" <r u J-^-'j-;j-^ f" . ' j-^-d (♦-' '/pLo-* 
^j^oJLJI ^Jk to jl «< w »5jS'» ^^Jto jj^JuCJ «<_3j5» (^JlJliJl i^JjJJL 

[129] Jj,.j,la,T /jS^jj •Jt 8 *-*P 4JiJu?t« Ajjj 4 L*-1?-j -^<i-.vJl ,j~-Jj I (_£ J 
.tiUJii' s^JtJI JbJb»j *Ij jl Jj«j Nl IJLj jl [S-^i V L^>U- oJLftLLa 

^i olpLkj'Vl jl c^L-LiJl yp (JL^j (_£JJI cij^JLlll jl j^JUJli 

** =* => f. 

<Jlj— 1 ^^J» jls tdiii y> NJj llJaj Ltji^i (jlj L« lijj .ol^j Ujcj- 
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^ cji^l J^j .^Jlj— . JLp iU-)/l ji^j tAi tljx$* lilj^ ji i:Uj 

.<u*ij Jlj^Jl jjh Oj^j M AiN t lfr....tfi AJLjJaJL <JLp iit>-Nl j^-»-d 
oLL^ ^j^ jl '(j^l iS-J* 0UU2JL S-lLoJI Ib—Vl jU IJJ 

* * ** *■ 

/»Ap /j^a *lj>-l (_ ajJj aIL^^I oJj& JjU jU JIjvJI /,» jJ^t^jj •'%*- 4 

t4_j>w_juJl olfrl Ja.il jVl Jjw^ L> j J t J-yg-aJi IJL* Abiii-^j 

A^wv^s- ol _Ji 1^ ,<Jl*JJ j-Jjj i_r^' t-^w-Jl ^ JUX*j<j LL&LjLi! ° rw aj>xjJj 
(jl (J^" wl9j .alj jl (3^" ~* lJ< j*~^ I Aja»l JU >^P LgJ iS" n-f-J t AjiLo 

A*-o»Lp Oj 4J (J j m3J»- Jj<^9 .OU>JtJ.ll -Jl r*^*-* /*-° Aj -J^s^tJI C->LJ_ojJI 

u-LjLwjj aLv» (_ji j^p aa>jJJL)I c-»LJl«jJij CjLvuLi]' ,\_« -JiSul — • ; -.^ 

JJsj sjji!! -L«j j^i cJLjJUp i^y jl Aj^Cal U-^-4 4(%JL«Jli .lJul aJ^ 
Ji jJUJl jl ja f^J^j cdili J] iiUi)!Lj .aJIS jjUll Jl IjJiU 

(►Jiitaj 4liJ /y> r^SJl j^3 <• I— aJj^a j>«J (Jlp UjLj LgJ_o_*X»>i! jjio 

kiJJi ^ ?^jj .J-i jj-* CJI5 U5 L4JU- Jlp JljJ V oj^xi^ cjljil 
/jj» j-JlxJI -y-L* c^-JiJ jji (V°j 4 c5 j-"- 5 ^ »jj^-Jl J-aj L« /♦-J'-^' j' 
L^Jli ol>JJa .,^? <JL c-jL^>jj 1 g . .. a'i cjlji^U c^jjj^-l ( jdl c^LJLajJI 
cjLJujJI oJla cjj^JH \'a\j .ajjill JjLJI L^aJl^ jl^p cJLS" ( _ ? xJLS' 
L^>sjbo J j\ -Jij^jJl) l^i^lp J J^d *1>T v-^j jc^*~" <J^* 44JUI 
Ijus-lj ^lL» j^j^jJoSj (Jjj-1» j-^J tl J^' fj-*^' Ji-' •^^-^^*^' AjjL»JI 
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[130] 



<jl ,j-Sv-*j ^-^-^ oJis-lj a-j-o-p jl i__ijJL^S\_> *-ij-^ t <l>j-,^L«^jj jaiJb 

iJLjdl jl tilli ^1 2iUi>^L) fjjj J^-j .4.*. .la ll »UiJ £y» 4jslx>._a 
.iik^o <L^>- iob> 5«jbj Jj-L>Jl U jji ^ ULjs-T j^kxj i*jJLiJl 

OjiJl ^ Jjj-J_!l ^Ij j-^p j-^LiJI Oj-aJl pJa-*-* <_£J_« <_ 5 -Lpj 

(jl Lo^^ij «LLoLi o j j ., <? i (1) j-^jjj ji Qj-^L>.->-J\JI jJLip! c -JLp *_~*LJI 

(_£j-4j dL-LoJo A^jL^-iGl fljJ^I J£ Igjj. l_aJIi: ^1 iJjVl OljJUl 
( j_ r j »— aJLJl ^j-2j 4 ./? i \\ ^ iiiS" dL^-L»Jj iIJlSL»j .J.iLjl« <wiJL7 

t _Lp bL»^plj .(I4I* j-<w! 4-J_jl ol*~«> /^ t aJlxj bjjli c-tL>_^^>Jl 

^j «JLJ| (jbjj Jl) (j^ab-Jl ^ 4_m2jJJI ijliji j-li I L^-.^g 1 Ajjla". ll 

/—j Aj.aL.-i.ttJ! (^jJaJt /(-o j-^l *j-^-; (?=-L»-M !_.>-;-■...■■>- o-jJl>- «-L»Jl 
^ . J ^?-^ (j^U^Ji u| /^j ., LJL>wJl ^yi <UJuJl jlj^Jl oJLft ol*-;^^- 

Lg^-jJt /»j ~*jy^ tSJ*^ j-*'_P* -^b\Aj .i^LAJlj [ Jaji\>A\ /j-j 1 aJUl -j^o 

Cjw LjL^-5 U-ij^J ^yLioNl u_iJbdl <UjlaJ CJI? JiJj .lg..,ai iii^laJb 
jlSj Ij-jlS" 0-«J->«-U*>l jJj ij-ls (j-^Ltil <Jj-aJl ,_ji ^L*^-)/! i _j1p 

aU5Lo^>jI <--JjL>iIj1 LL>sJj » -^ ■/■'* ^i ">~ ? "' 'r*~° Uj^lJ^el^il 
m 31 i ia^Li-Vl J_*a_dj (JJ-Sl Ja_>>Jl C^a-^j i_Ul_lJl o^JaJ l)1 ^^-.c- 



Helene Metzger, Newton, Stahl, Boerhaave et la doctrine : j la Jl (20) 

chimique, bibliotheque de philosophie contemporaine (Paris: [F. Alcan], 1930), 
pp. 34-68. 
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j\ <.\f-j~*& j\ i."nj\p- j*cSJJ T^-yoJ] <>Sa£- ojIS L»jjlpj .cjL_L«-*jI /w» 
^ya ^^-5 iJiP ^1 i^^vjJL *_ii!l aJlJJ cJlS" 4-1^.5 ./?,<Jl j^p j^obt^Jl 

^1 ^Jalil ^y> iolJUJl ;*^>Jl cJLSo . t y^^-5'/V!j ^UuJl iUtJl 

jl { J? zj\ tal t jlLoJI (U--" /J^*- 5 .wi-*LLoJI J_jJj»s^JI -JL>iXJ 7-j^> 

jydbj .f-Liil ^j ^1u«j of ^=^Sji\ y>j <. iiJiip JJtfSlI jUii ~b 
^yp jy^^jVl Lli 7^j->i jj-c- j^t-p l^jj-a L^jLiJl y>«J! j-^l c^JJl 

O-ili- <Jji-!l "CJ^JaJ Jl*j" jl ^J* ij^^I\ i^JuJl oJLS"j .ciLIi L*i 
JJ j^ L^j f-^i -b^jj jj O^ ^jj ^.-U- lj»\io 



Leonard :_ r Ji_il ij^jJli Jj^ .148-139j 129-124 ^ <.* LJ jju^ll (21) 

Kollender Nash, The Atomic-Molecular Theory, Harvard Case Histories in 
Experimental Science; Case 4 (Cambridge, MA: [Harvard University Press], 1950), 
pp. 14-21. 
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MalS" I_)^<>j jl<J JaS*A>Jl jSi J _^1p {y\iS\ Oyi\ ^jis .ij>-*>Ua^l 

jJ liJJS /rSsj ,*J L*JJJ C ( w*'jJ>ti OL-Lo-C- 4 W "'lj-> oL5j_«jl •j£- 

/j-P ij^-j ijJLSO toJujS L^^p-tfl Oj-JL^^SJI v_JH> J <JiP-j .<J^>Jl>* 
o5 yJlj ttj^oJI \j J .....jJLM OO -Lis .US wo (J jJL>«_<kjl , L*->ej -juu» 

[132] Ji^ ,jl L^ IjjJaJ ^1 iiijiaJl ^ l*J^ <^1 - p-^JuJ^ y \*y>- 

«_a CJj^JO ,^1 tiLLi /_£• A.al.'L'S^Q /~Jlji ^yrj *?^ 4-~Sol jJfcljiaJl 

( wslaj jL ia^^A-oJl o_*-p ^Jlp -j-aliJl jjJLl! <L>LgJ ^j .4jl>Ul!I 

,J| 4^*Jjuj .« ,-stfLp O'jjl /p 1 <UjU c_^w~j (C-Lp <_$ J-~^~' *-— ' >-^S j^J I 

(Richter) ^^.j ^UJS/I ^L^l -k^M cc^UUJl cJL^l L ^ 
jJL^jJl jjJLi jMl LgJ_«— 1_> ^jJI ^jfc c^jJ-l 4_» ia : ; a ^Ijji 

-J lJb-1 <jl L5" t.^\yr-l oUJU: UjLipL Ml JJa^Jl ^UM«Jl 



James Riddick Partington, A Short History of Chemistry, 2 nd ed. : JaJ,\ (22) 
(London: [n. pb.], 1951), pp. 161-163. 
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*J <. e-LJ\ ^ rtLJI Ala j\ 7rUjJl J^> t<WailuJl 4>w=>ljJl illaVl 

l y 1r > J .,<?■>- (_$JUl J-b>J! ^J diJij t L>L>J jjJsJi ajL^J ,_ji <LJi-=r 
Jtii . (Berthollet) aJjZj^j (Proust) c~*j^j ^l^J^iJl ! jLjL^SS\ 
^>- Ji toU l__^Jo iJ^~b*J aJLo_XJI o*>lplidl 15" j! JjNl ^lj 
4^jbju» ij-j^>tJ aJ^I *_«j>- Jii L^a Jl=~Ij JfT jlSj .diii ^lill (^ 

2 jlSj c L^vAju jca jUJUJl (liiUj c cLUi a»j .Sjiaj <£j>-j ^-U 
Ijjlj L>_Lw*J .UJ i^-JLi ^Ji U2_; -J JJl>J| ^iCJ (.iilii ya Ju> 

/rXj . J2JL9 L5L> j^i l>»jj_a c~~*jjj l£ij < <c*~J j~*£ LS jA aJ y y^ 
j-j JUJI liJLS" LUlL* Ljjfcj^- LmSjLkj /-wU^JI ol-\_a! c—^jLaJ 

t _^i) <6l>^\ jjiJb ^jjrl U-Up (V— Jl d*>U i—iij^JI jjfc iJLft 
LOjzi\z j£> .o^^-lll aJLo-^I ijjJJl o^JiJ ^1 '^-^Jl ^ toil 

4jii 4Jl<»j<j (JAjCj <^^>j C <_djll?x^> ^>Li2i>-l ^3 <UjjJJL> LoJ>- ia-J .J 
i_ill>r-a ^-i-iilj^j OtASCjLj! eJLft t_ >jli JJii t ysLvaXi-'yi tiUi ^ 



[133] 



Andrew Norman Meldrum, «The Development of the Atomic : la \\ (23) 
Theory: (1) Berthollet's Doctrine of Variable Proportions,)) Memoirs and 
Proceedings of the Manchester Literary and Philosophical Society (Manchester 
Memoirs) (London), vol. 54, no. 7 (1910), pp. 1-16. 
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Aj|jJ! JJw« \^>J^ka (. t\^£S\ *JlP ^J| '_tt*"l OjJb JjJ>o t jljjNlj 

4J=^>^? iljLPl V-Jo jl Jl^ljJ JL>-1j 4_~Xj Ml J^J N tULJ 
Jlj-^J /,_« ( _ r *_ r JaJl ( _^l_ r 3 v yi dJJi <C_£_a Jlij . iSj^* <■!*-> -^j 

ijuJl i_w^JI jjJlS ,[*-»- *ji Lo-S" ciJji/l cjLj-^^JI '-^jj'j C_F? ,i;> " 
^ J_pLLJt Oji>o M cj_^Jb ^l i-^jJLi .JwysL>- Ji-^a^J jJ_^ 

.AJuU ^L-«J ,J-«- Oj-s^L^- ,\5\j (»J lit <UA^t_« i-jLwa-jS' aJL«jP- *il^Ji 
jjjJb Jl*^ J-i Ajwsj t v r 5Lo_<j! ^y> J^o *J <_§JJl UjJlflJI iJufcj 

V4 ipj^j^a ^| y>cjij L^ww-uLj IwL^o t Li_*J| olb 0y£ "*-*-' '/* t r si '^ 
LlLfl Oj£-i o' t>^-*^ ^*"^ 4j ?*-~ : - : ^J • | Ua?-J /»£■ <uSL^»-*. Sol c->L«<Llll 

^ «^.lj (>^>^J c— J>yC jj^b «jli j'U JjiJl ^J\ 4>-U- Mj 
j^j *Jj .IJbl L^j *-^4j *J 4<UoU*j 1 aJ> yj~f -\-&s- 0*>Ip^/I 4j)Ju 

p. e- * * 

[134] La -. i^«juJ Ijjdj- IjLj^^o <Uj5 /»« 4^»j>! >iSlj ^-'-'jl /V'^-' /y> ■ l ^" 



Leonard ICollender Nash, «The Origin of Dalton's Chemical : la )l (24) 

Atomic Theory,» his, vol. 47 (1956), pp. 101-1 16. 
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*i( cjIjJJI oJl^ lil t Jli-Jl J-~^ ^^l^j .<^Sy> y* laj /^ij- 4 j-* 

i>*-J^Jl jli t lia. : ...vj 4^^w> ilJiP-l i_^^j Nj LSLo-jS' bbtj'l JuxlXj 
jl -i-; N Oj_>-^-«J! A-jLwa-j^Jl C->LJaj<_<Jl ( y2j>ti SiLoJ jl OjSii 

(_i-Sj_j jjij ,\ ■/? jl <UL>Cj 4-A.pLy-2„-° >, .... J /j_P A_LLa! Jj-P i_4_JLSn_> 

LoJk-b-1 i£yz~\ <jjJ-Ul <^>?j-^ (jJu^l jf- iibSJl /^P jj-jL^SOl 

.^w>j-~>^> ^^t^-SjMl j^ 4iJl ^i 72 ,^-Ip ,_yliilj a^JI ,_/ 56 ^Js- 

* * i ~ * ' 

jjjj^ol ^ Ij^-Ij Ujj jl 6j-^xj IjjU^ i*di-jj> /w* Vjuj tojjJL 

LaJ-X^-J . jj-wsr-^^ J ^ I jjj /,_« 2,6 *_a jl 1,3 *-« -^*t-^J (1)1 ^-iSLoo 

{j* jj^Jb (%-Ju-il ►; /i-^ ' (*-* •'- v ^ SJLiJj>- cJ^kiXjLt Li>tJj te^i5 
SAjJ->- -JjbSH ^x>-j\j ■ < y&\ <U~wo-*J ijjjj _^^>j J^-P Jl^J 

A_ptj>Jl ^jic- (Gay - Lussac) iiL-jJ _ ^.c- t— »jL>J 4 iv^Lkjj c Uajl 

^ CjIS*>Ip i{_£>^ i*Jiu» LjU1>Ip «JlA cJapl Jij tL<2jl oJi^i^Ul 

•j-» jj_ol~»_oJl o-Lp-I U> /v>u /*-Jj •(_n J t!y o »-j>— o_»>jI Lgj j»_L>cj 

^jP 4P^~u CUA_^ (((4iL«J>jl AjLJjUJ JjJ^fJl (>UiJl» 4— ij jA IaUo 
J^ .i-LP ^j— i_£JL*jU_a ^^Ip j-LL; pJ Ajl ^^^ t o^^oJ-a LgJj-S" 

jl J_v?L>Jl jLSj . LJLkjjjj L^J^ ^ ^loJiJl {j^\~*-S^\ 

.AJ j^ jl^ [*£■ lili>t^ 



Andrew Norman Meldrum, «The Development of the Atomic : _, la ;l (25) 

Theory: (6) The Reception Accorded to the Theory Advocated by Dalton,» 
Memoirs and Proceedings of the Manchester Literary and Philosophical Society 
(Manchester Memoirs), vol. 55 (1911), pp. 1-10. 
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lI^sj Ujjjti .iibj^j La (.J_p^]L e-L^SsU ij^-LxJl c^l.laiojl cjIju 

1,.", iSe-'j .rf^jJ^X-O w~i- (_£ r*"> 0^\j>t**> ij^-J <_J->sJL> jl SJjJlJLo.) /r>^> 

"■ f. iS 

<-ijlg,Jl ^.stf : iii L*5 1 2 : 1 (j-Jj 1,47 : 1 ^jLj j^t^j^U iJjj 
4^->-j oJl5j 4 Iju*- L^j.j^" jLS" -LaJ . (Daltonian) iJjiSljJl i~Jl 

[135] jJaJ <g->-j J-» lJL>- <-^Jji CjLSj^Ji\j Jaj^A^Jl ,j~J ii*>UJl j_p a^JaJ 

(_$l Jl <_$.}Jj L« l_pl> aJu^I^ iLi_^Ml jji jjo _Ls-jj ^1 oL»Li5l 

■• eft* 1 

.Li-- Jljj M Lf^> j^Jl oN <. 5Jj>Nl J} tal^-J j^xJb ijiaj t^LWL^ 

jL ( VwOjJ^j s-L»_l*Jl ,Uaj tijjiajJl Jj-5 Juo ^J^-J <• <-LLjJ jji NAjj 

-j- 2I ( _ S X*-<JI jJ*> ctloj .Ifr ■,..,*?,'> oLiaj«_<JI iJLJjJCj .laJb>*^ ajj^_J^»Jl 
j-i j 4-lo_*_i oj aiJI J-«-i f-LttJjJ( jl j-*j c ^Jj^ "^j^ l£-*-1! (_t*^*-*-^' (V° 

.1— diz>t-o »JLp 



Meldrum, «The Development of the Atomic : _, la i! <. c xjj— ; J_?— >■ (26) 

Theory: (1) Berthollet's Doctrine of Variable Proportions,)) p. 8. 
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XI 



^^jjJb l£_P ^ CjIj_^I 



iLilP^/l JjjjcJ o^J^I <Jjb>*-a jjs Ju M tdJJi J-i J-^-lj .4-wJUJl 

^1 4j_LaVl 4-i.pl .,r? < l ^£L+jJ I <L>c^vS , ^JI 4-LL«Vl 4 W .,>'ljj olj^Jl 

Xas- js- ( _ffcj\ <_£Jill tL^JL>t« <jl ?w>ljJI ,j5Jj .L^js ALoJl A>-ji 

cAj>V*a\£ L-»->ij '<^Ijjj AJl (_£-!-£• o^Lc- 4_JJ j-Ja-~> (»-J kClJjJLJ 
ilLal ^1 ^^JlP 1 §~Qy.\?' jj-^-o-i L^Jli flj.la'Jl flJufcJ .A-^o-Ldl Hyt^li 
Sjp^j Oj^O fj-* 3 ' i_y*!i .a-UjLa j^P cJjis OjSc^mj i <UsUi>J <U>=^*i>ij 
/^joL (_£^j if LfJu CjIjjIjI C-^Jl liLJ ?-j*Z^> i>jLu-« aAjlz i_jL^<I 

_ ,, \?'-» A^-^J ig^-i 4-^Jl* (_^i jJu<2-« (>« <J*Ai-Jl ( _o_L*Jl JsLLJl 
CjIjjJuI 4_w»_*>Ij ij->-j - 4-*-$-° 4-J)-J0j Cj\jj^J LjJ^- f-^ji ^tliij 

Lr >njjbJl ji-iJl ^ oLLl^MI y>-jj 01 *j-<Jl t >^-«_; ^j .a^JuJI 

j^ tA^ai . ll>oj ikJLJl dUb 4-*^i> i-ijjJ Lo-UP Nj Ulxi <olil»J 
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^jlc- Jju jL Iju^ jN! c-JjlkJi JJ^Jl jU 4 ( _ r JjU w J ^isJl 

<. f yjs <l\\ /y) Oj>^_ <-4 Job IbUaj (_$-Ul ^oJ_*JI Lj^Jl (5^-lj-i A>-l 

.c^jjs^Ul ( Jjp IJLp L_i cUjj ^y^-i V"!- 1 -;} ^-p (_r^ 
^yLp j»_lvaJ ^1 4yL*li]lj SjJLwJl 4-jL5GI jLypVl I^j^j i;*«jjJLd\ 

.yX-ft-j /t-L«jl /y£ C^LajJ_5»_oJu t_$ji»-l A-o. j < j^Lva_a J-?-jJ J j )M 
j^L^i-»j| oJL* 4_>-yoj ,i«L^>c-JI <L^jb»w<> <J")b>- ,y> }M Lg_«Xp uj./?>iJi 

4_w^jjAl!l fjJbJl i—XSj .IgJjl^ Oij l _yJL«Jl JL>JLJI Lgj /»_^ij j^ 

.oy^>L«_»Jl <L_4_L>Jl oJJl oIjLpj obyL« J-iJ ^l >_JJL£J \ ^-......o 

(jlsUl Jbd! ^i JbJt 4jLJi L/sUoj l |*JUJl 4jLJij .Ay>^Jl eU^Jl 
•yi 4_~jij J_aLdl jljJLaJU 4.,2 W.'.aJl <LbJl J-L^ t *J_)-JL>iJ ^/ 1 <UJUL> 
tJjLl^JLwu Lo.S'Ml ^L>JL*_oJl jl Jyi jv^-jJLj .4_y>_Lj<Jl 4_J_y*_*Jl 

L> ySl jl M| 4 Aj^AiJl pljj^l fl-L* ^ 4yIJb"JI Olj-j^jJl 4 BjJ yisJLj 

cJLolLH J_s^L>eji L>r^«J LgJj^bXi , 1 g '. _. i <U-JtJI ay>-J j-A Lb* 1-Lo.^.i 
4_oL*Jl _ A-wo-LJl wLJliJl (j-w^i jJLJL J>jMj i_>Lj! oljjJbU 
•y> Aj>^aJ>iw5 oLoJ-Jt* j-^y (_J[ 7T^*" ■* LgJbL-bj f>L*j ij .AjjL>iJ1 

oy Jj*y ^j^-^Vl <iUu ^yt^ i-Sj-x-Jl LgjJa_~i!yj 1J l _ r dl aJj^JsJ! 

^^JlP 4 i _ r ojJ_Jl 4_JLS' 4jb- ^yii .ciJJi J-*-> \ |.;Lp 4J^J| Jy4^j»j 
^ys Jb 3 4jyoV( ejjs ^-Sj 4 iiLaJ 7~ j^l '-^T ^tj^ '^ > -' 'J^^^ 

.Jib) J^wJ 4jLWs^ OyXj jl 
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a 



aJjL^JI oJLgJ ^LsJl J-^aiJl ^jliLu^j -(_^>-^ J-^*- (_$i ,_^ JjVi 
i_L~Jj .(£j*-\ Jj-a^J AjjjJa^Jl JaLoJNl ^j-c- Lo-^> L*ij-^ j^jj-W.'rJl 

^-soLai^-VI -Upj (ji'wsJl jLwJNl Jc^> iwJuJl is^^x^Jl jl ik^JJ 

<Ul~« t sJ,y>-\ JjJb*- ^ ,Jj^_~^ ^^ _L>- i_s-1j ft-LxJI ^j-ojLjj <_£-ljl 
^--JjJl t__oVl J-a ^y^l ^-M-* flj-»l tjr^J u-^J-^l S-^ cjt^ 
Lg-SjL& *Lwa-JLAJ LjL^J L&juXP-b ^vJjJJJI i ~S jl -*P .\-&-n JjjLJLoJl 

jJcj Ujj^- Loj^- ji Lif> L^oLS" ioUj j^> Ju V <.<_pUJl *JL>JI jJLJ 

^j-a ( j*S>L-<J V t L^JoLlS' ^L*_j jl L°J i 4_w«wLp ojjj LS" wL*_> L^_iLx5 

J L»j .Jais Lajji (T^yj <• Lg^^Jl .J I L$Jli olj^iJl ^yrj ^^~i 

11 * f, t- 

tUiiij IjW^i '(j-^j-^' t_oV ,_5^L>ji (_£jIlsi ji *JL«-ii j-~>>4 

^J| Vj J-^-o-J V Lo_^_a ^N ^yJxjjLJl (j-^Jl jli <■ 4JLj>- ^S ijy 



A»Uaj pzjyJLi -»JL*jl (j—>- i~-> '-t«J ( j~ijJ^Jl t_-J^S jli l iJjj&j 

'w-o-aJl ljA.\jaj\ jlj .<ui-L>- Lo~o tAjJu fJjCJ j^L^JJ «_j t ^i^^jt^jjl 

J>-jj «jjbdl /w« ,U»^ j-*J ^js- ^yj-^l l^jl ( 5* |»~l*jl ( j~jjJ5 * cSj 

[138] JLkjNl ^l o^J"-^ oljLi} ^i Jcs-jj Lo ULc- jl c^Ju^J J./?'3 ^ 
Oj-l^oJlj i >*>UaJ! y«->i>j 0>ljLiNl oA-A \Jiajj .(JjL^ j-AjJ j>'JajJl 

«-LJi_>Jl j-*S~-> aj (_$JJl ^j-ojJjJI iw-^5 ,yj> Jjl-L^JI tl/l^jjl jLi 
Aj>t_si>lj Cj\jj~<>-ij .A-iljJi ^J ^j^>-j_« ^^ oljJ jj* .» g 7 ^jLJLoo 
j»_i-«JI j?c_ijljJ /w« -J^Solj) <»j_L*JI ^»jjJj t -Xj r~^ V c A^LJ?j j 

t^Uj ^111 ^loAil ^LJuJl J_^p j^ ,^>JI d.Ui ^1 VI (fOiSn 
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4^i*j t Lx*^i> "xJUJ iijL-Jl jj^ajol «tU»_Lp (Ui-oJ iSj^r ~^J • i ^-^>ji 
ol^Jlj ^.IjjJl *^£ lAsS 3jIpI »j^J ^ <jIj-p *^j .^L-oJip jJLJ 

jlj jl ,J i— >vP ^!j .<UaJ-P ojjj 15 Juy 4^w»^J (_£-Ul t J^jj S d\ 
■ ijyS *JJ*A> L**S"I^> ijiliJI Oj^JJj tLo^jlxS' 6ilp| Jl*j t ft-WI 

*Jb cij-pj j-a ^^LJl aL^Jl ^ rojLxJl ajU5 S^LpL *Ij-pVI jU 

^ ^UJNI jl ^JuJl U>c^— , w. \j\j-e\ U^iS"lj *JUJI ^j-^r J-^il 

J—s^LU! ( _ j 1p *-JJl (_^' L ir*-^' t^l ^-*-^l ^j tiwJUJl i^Jl 
rjjjJL (Whitehead) J^jIj <LLJ\ Xij .^J>^\ ^ijjSfl ^ ^L*iijJi 
i^yj ^JJl JL*JI jl" :*yuli is^j^ Ujup ( _ 5 ^-UJl o^LJJ i^jl'^Ul 
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l^JUaJ ^1 A^> '<Jy>^\ V-§-<J> ^.jLlJI JJ-* tp-UJ! jSi 

iJ-j l *LoJbol 0^ i Jaj=-«J1 l y*~s*cJj . t.^jLw^L) JaJCs>zJ ,y*>j t -US^LxJL 
j] Uaj- jJlo /»J-«-!l ?*jju i\*^~ (_J1 'V^ 2 -* t>w> 4j^_JJji OJlSj 

^ jJaJl <JjJi~*j j^JJl frLJLJl ^ J>$j (_^JJI J-^Jl y>j <.L r +£\y 

jjJaJ <u^jLuJi 4j*>liJI 0j^\^ r^J^ t - J j-^*' 4 ^Ui .Liu I *-£jL»*_>1 

<-LLL_i j-^-y> cJij Jc_« Lo 7 $,.< ol5 <ul ^L-a-^^Jl (^j-i-!l ^.^-Lo 

•y» 4£-o^»j>w0 (J_Jalj 4jj til! ttjuAJI a-* j aJJO p-jj^Si \S 43-L>tj La j 

aJlhJ U dJJi .ajjj>JI ^Lvaj^/I ,»_Lp ^j cL^iJl .^JLp ^y (JjL^JI 
^jaLJI (U^J! jjs*-! 4>-yJl ^ jia-i SiLc-l «L>*-JlJI oJlSj tjjjli 

& e- ^ ' <* p 

<LoSL>Jl Sji ol i_d .t-^l «JI j-JuJLf- ^yo /yv^ i— i£ tLs^jlj 

2 !*>- Ojl^s La-U£- LJL*i ojj..,i?M lLUJ C->Jc>cjI Ji <U^ *>Jl jJJLp 
C->U J jJlJLc- />>J .4jI.S /Jj^J i^JUjjJl Oljj..,^7ll oLwJi /y> '^^-i 

aL~?-MJ 4juiiLwa cJLS" L> IjiLJj .J-^-llI IJLa ^ ^^^i ^i ( _ r Lp 



Leonard Kollender Nash, «The Origin of Dalton's Chemical : j U ;l (1) 

Atomic Theory,» Zsiy, vol. 47 (1956), pp. 101-1 16. 
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/^\ ft 

^jJI aIl^^I ^i ^jjj W*^ tAjLiis iff-Ls^ Silt I j^Li ^yi^xj ^>_j_J 

j»_f^-*J AJL Ijyt-i L ^i\ k>j>S\ ^j liS'^pJl ^P ^LJuJl \^-Ja [140] 
i^p-^lj ik—Vl ie-L^ ^ ^^JcJl j^ fjJl IJl* ^s^j .Uaji LfJj-i 
tsJj_L>J! ^jj^»tiJI oLiULxS^I '^a j-1nj j-tS^i t A-gj La olJJL> j-6 
,Ji{ eJu <_y=j jJJU LSLaLo ^1 A.Ja.^jS/1 ISLaLjjJl j^ JU^^>U 
^-jjwlxJI i_^5 J-wa ^t>o o! _*~kl)l oJ_& (j^ s-Lai-Lj .jji_i o-^jU^o 
jj,h~\\ oluL>-l i^-i! ^v-wo-vs ,<i ,*-£> 4-JL^ Liai- f^Juol jjisJ L*j>iJ 

-ojJj i_*XJ\j AUioL ,(-0-^1 ^JJI 7^j^>Ljl e-bj SiLc-J oLilju i<>J_>-lj 
J-a ^1 j_& jLa-XS'Nl dili <uLp LjJ>! La jji^J . S^)jiJI Jlhj La JlP 

ot f L)l! dJJbi . s %p1 ^*^>j_JI ^jUl ^Lo ol*L-l ^ jLt5)/l 

j/J* ( _i) La l wJ J /_<i_^L>J t L VJ«JL> (_£ J Jl tl^l jjj Oljjjjl Cjj<J>- 

OjLxj i O Jj>-j jJ t4_JL»_P /♦JLajI ^-jj-U t_JO |J a'jj b". oJl S^LaJI 

*-a LsLkJo l r$£ L^ju ajI ^^Li^oJl ( _-<Ji_xJl Jj>slL(JI /y**i L»-; ' JLkJ! 



Isaac Newton, S;V /saac Newton's Mathematical : ^ k '.I i ^j^ < Ja -^^i (2) 
Principles of Natural Philosophy and his System of the World, Translated By Florian 
Cajori Newton (Berkeley, Calif.: [University of California Press], 1946), p. 21. 

Galileo Galilei, : ^J. <6\jj\ji- ^ izy^jA iv»U-l jAA\s- «_iil^<u «Jaiil I jj> iJjLis i__^ 
Dialogues Concerning Two New Sciences, Translated from the Italian and Latin 
into English by Henry Crew and Alfonso de Salvio (Evanston, III: Northwestern 
University, 1946), pp. 154-176. 
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IJL* .<jLSC_a^!l jJub 4_L»J-~X.< SJLj-kjj 4J .,<? a : ixj^Jaj t<_£jb*Jl 

.4^»_wl*x!l _ 4jjJ_jJl <4^-jJl J-a «jlj ( _^ J jJl ^j (^^Jl ' — 'jJLuVI 

Jl^ jJLJl Llx£J r U!l ^jM £lxjl J\ ^4 IoJXp axSGj, 
/j-oJ t«*>\-pl c~xijJ ^jxJl UL-^i 4 o.lax'-aJl j^j <i-wJl oULuNl 
<uJ U- ^J *_UJl J-^jj -A-5J ". j-*j *■(£>» fM*^ -^J^ <J' f?^r*^ 

o\j ioijxx<J! cjIpIjX>-M1j oliLxxs^yi j^j iLvwL- aJsl^Ijj axaI^J! 

4ji.Xj ll«_j ijj^jj-UjI 1 — 'IxS" 4vaJ_4j (_£jJl ^yj^^jdl /^ yitX^ .4-jJixll 

S_Uj>cxJI S^UJl lJI_La>\J Ij_uL>- Ji *UUJI jl i^^JUJl 9-jj-Ljl 
ij iji-'b/l Ju«j j^ljJl tfULJl ^iLjA iJi^&j -fj^ oUJu^I^j ^y 

j\ I I j j ./?" j! l(_£ji~l 4_olj 4*-lxJI Jl ojUr^Jl 4iL^>[ 4-_Xj aAj^S- 
^ojJxll t_ >lx£ L*_y_^>. ,_jXll ob>jJ_*_«JI iUxS' ^Ji\ 4jjJaJ j\ (.LijJli 

[141] SjIjJI ^i ^^UJl ^ °jj-f^ f-H O^i ^~° (_M"^ Jr^'j -V 4 -^ 

iil Si <JL>-^I cJLSj .4J>b ^i o^l J^J^; (_$JJl JuJJ a^jIxJI 

4^?L>Jl L^xJljJLj 4-^L>Jl L^JljiL A^pUiJl L^J*>liLl^ cxJLp-N sj 

/_JJ 1 ^ '. ; 1 w^jjJXjI ^->lx5" *-jlj-J ^j-J' ' 4-)^. k3 . "J lj *jlijJJ 4jLaLXjl 

^yL^xli t^^S'jxJl c>LJ U tJlxoJl (U~^ Lj5 -bo .Jj^J Ji 4-*-z^d\ 

Oij^ ijf ^^^^ d^W^C^' *Jl£-»lj OL? t^jj^J 4j«ilj J^>t-^ j^ts 
UjXllj x»*N AjjJaJj Uilj j^-^aJ ijj ^ _ dLxJl 4_!l ^jj N j^s^f 
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L^jlp j_^i>t-j ISL_«LjJlSI j^Lp ^*>LL> jL? i*itj iy>^> J-* aijU Sji 

<JL5 j^j •^-*" <LL>-^n L^SUj 4_>j-^H ^-U-J 0]j ciJjj^jJl ij J JiJl 

s-LAj .oLjjJaJ 4_Jl (e-l-C- ^~->j-LlJl i— '\sS 4_«J_4j Lo ~2_>tj Lvajl 
J_ijJ>s-L; J-5vJj 4 (I *jlSj_!l *-DLl» JLJTLJLjj tLx-Js ^^A toLjJajJl 

IS^UsI JufjJ J *Jlij ^1 iiL» L4JI Jj^^Sl jiial ^1 ol°^l*-Jl 
Ll_^>J jj-^ ^ L^kjl oL^]g.'Jl jl sL«^ IJlaj .JjLJI (^Ju^l^Jl ^J 

j>j t^LJl ^^JmJl jlJjsxU ajj_^j ,L£LiJ a^U-1 ^ Lv« Lg^j'^j (^xJl 
(JLJI ^o L> 4iy«^Jl Ja^-jjJ ^jJl ^LJi «_i j5j J ^iJl jJiidl 

^1 i ,j._i aJu^I jLi 4 (»j_£jLjJI tiLli f»J-aj La-U^- tL_>^Jjj L>Jl^j 

«jLJ1 jjill ^ ^ilp (_$JJl (Robert Boyle) Jjjj <^>yjj ^L^SS\ 
iilXiJl ^l,.„. J .<Jl 4,L5 ^i y.-..,Jl ^jLiJl JL?^^ ^Ulj t ^J^ 
J_^>c-^Jl <«-ajjj«j ,j-« Ljy «_ rV a^J|)) J LL^^' (Sceptical Chemist) t 142 ] 

JL^-I a_>-l oL o^^j LjJ} -J 4 oj^^JI ^iUju t$ Ji ~ ; («-l f-L^SJl 
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7^j>jj ^^b cLUi *_*j .t-L?tJ L>jI L>t>-U ">lo-c- Jjjj ,U-^ cH^-" C - ^^ 

.^*1*JI 9-JjsLaJ\ 4jl~J0 J«> r"^' 

sJjJl?- if-L-vtf (_£JuO }/ j-./J'.-'Ol <(<*_djjj*j» (Ills' (. Aj jj i_^«?oj 
Jj^j <iUJi Jij .ULj Ub^ tiili J jlSj i jLo^S" ^JuJliij jj-^axJ 

4_g^>-jjl yo 'if* t\iy. f^-"l U* (_T^^ (— >lxS jj a^jlji! 4jit^JI 

L« jl j~£> .oLk*<Jl jvjJil J tiy-1 SvLJ (_jl ( _ s Ip JL>y* N a^&Ujj 
IJLa u_ipUixj UJUuP jycL> (_$JLi! j^IaJI yp ^LWiMl jjh IgiL" i _ r J 

<_£JJ| ^^ojJcJl <_jI^> cj{Jj£-o ,y> ^yJ) jJJi yo y* t«j»^vj>Jl» jl 

<~JbyC£ iJaiUl olajydli .pJuJI j^« j.^'-Jtli s^-jA>J| jj^2^\ iiXL»J 

c—J < _^j .L^jIS -L><j L^Jl j-!i>j Ujl^p _<JjoI ^_jjj>t^Jl a^^is ikj-; 
L> i^>j2>\ L^j-S3j t(viiJi Jj» ^-=rj lij 1-i-*) ^LaLS" «. ; SW - , « c->lJUJj>tj 

J>b t ^" UJ^ Ml J^15 ^yL. JU jj^ N UJI j-iJ ^1 



Thomas S. Kuhn, «Robert Boyle and Structural Chemistry in the : j \i \\ (3) 
Seventeenth Century,» his, vol. 43, no. 1 (April 1952), pp. 26-29. 
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CjUIj^-Lj -(Jjji-I <u^1p cljj^al; tji-1 ,«J g." -« ^j-c- ^ ji ^^ 
-iJJ.} JJL« Oljj-s-aj 61 4j^JUJI <jj->oj .^Joiljj OLjLwJaXjj _ 4_JL__£ 

«_ r ^jJl» J ^t^-xJl ^jJi^Jl ^j'y^j Ji^ _y J^ jc^ -^ --^1 
«jL>jJl»j « jl_sCJi)> >_ij^j«J o^ju ji tJ -^~ j\ Pj^j ol /^L'-JL'^I 

.aXo_c- <_jt_w. lP"'^ ,j_^i-k?" /r*^*^ La^JiAj i^!> ?-j-s-' jj 

i-^JLp SjjjJ IjjLS jl5 JLi! ?jj^Lj| ((<-_1.jj.cJ I » ^JIp J^jlJ.1 ^JJl 
-..jiiJlj -uJL^J! oMU^^l^ML ((j^-a^Jl)) ii*iU Uj^wJco .cJ^ 

j^-J-u-J jl O-^aXsl -Lis i 4_j jl jiM Jj->- jjJ-j (5-Jl LfJ-^J <.(_£jJ-^l 

* > a 

jj-ff- LJlLa V >tLa jij JjJJ ,j-^J . c j^"-^-^>--ll <CjJ-J-> Jj 4jj j_-*3 jj ./?7j| 

<JU_*J| <_LUJ t_.-..sAj Ljj L^-lj^JI ai-A ^ -LU-j^i Jj5 ^yi i~L>jJl 

cli-U jjj . —ujJj > jI_X_? ^j s_U^>i^. «0 y>-y>j\ Ai yt^JI j i-XJ LoJJ-P 

<_£ ji~l o^jjllw- <U_>-lj (_^l ■_-• ^iSl <. C->2i Jj>- Ji 4j ij »JI 4_a_LcJl ejj^2j\ 

^JLiUS'^1 jjij t(»_bol -La-wi /j_c- <, l_u JJ . ajj./?)l <. /»J-»J! (_<="^*J /1- 



Marie Boas Hall, Robert Boyle and Seventeenth-Century Chemistry : ^JiJl (4) 
(Cambridge, MA: Cambridge University Press, 1958). 
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XII 



£Jj$jl}\ J*$a>* 



<uL^a UjLj ^j .(_$^Lp ~-bd JkjJu>- -ULiJ 0— 'I (_5^ .<L<JlP OJJJ 

^ LiLtwi5l oLS"! f^lj-w- t o» ..J? U J - r — aJ (^1 jl ^Ai-L^ J^*^ J^*^ 
•■^jiVl j-a <k-^ j-*-* j' -^b J-2-f- ^ Llij I_o J j I Ltjo t 4j ^JaJ 
SjrJiJ jJLJlj JLaJI ^Jl jJLJ! Jj-JLoj j_JUl jjJ/yi ,*_* ^j-gi 
L*^i .ii^Jio N jiijjs L$JLj-~o JUxJ^I J^Ji^i ^Jlc- _^jjij <. iiJb^* 

toLjNI <*Jj_oJ <_£jJl JJL>cJL; Jl^_j«JI ( _ r LjJL^- jl (j-~Jl jL*_^ 

(♦-'IjoI ^Ji\ i j - h 'J L j»_^j j^3 L«_a ,,, b - n -o I ya Lo|j_lJl LSI , ^ 7 .«ijLo-<i-S 
V^^ liLaj t OjjJJu <JlSS .-^jJLill j^Aj^IjJL <bJ_>t_*Jl jLpljJjJlj 
^P^oJ^JI jjjJ L^~i jl L$-l5 <U^-<Jl IjJjJ*cj ^^J t I jJUjij jl ^.lp 

t>Jl t-jLw-Vl ^ L»j ^JUJlj *_UJl ajjj ^i ^lij^U ^1 i-^-Jl 
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lLw>«-J L^-aJJL jl ^-jj_«jl -jXiu /j-jl aJbJ-SxJl aJ_^jJl CjULU^M 

J*>b>- j^s i^iU -_)Lp ^ !>L*_^-^> d_j>-LJl 015" LJUai .L^jJlSCj 

* (■ * 6- 

^1p J-*^ iCjw iw>^»-^ A>- <jp ci*>*JI J">U- iLxJl oLjUUJl 
4JI Ml ts^-j^Jl ^-xJi r-bJ| ^ <J-i>*j ^g^l oLjULjl lLLLj (j^aij 
tciUi ^ V-Li .tiJDi Jj«jJj U-Up ^Jcpl^Jl ( j&^2 2X+a-> Ojio "i/ 

. U- /jp li>u iL>JLj ^-ii^>^ olS"^ k— Jj^j ; <uUI aJJjp ^J ( ^JI jl 

Lgj j»li A «JjJa-iJl 1 ^i Lgj Al\ *\ys> i.A~jj>Cj\ OijL>«w»jl oJLa 

.■LjJJI JLpijiJ C-~Jj (.L^JIJlJ L.a.j.JaJ oNjU^= Ml 0-~J 4 JLdl [145] 

0U cljj .Aj *-L~- ^>l Ajli .^Ju-ll^Jl 0' LJli? 4^Jx-«_o 0_^J ^^Aj 
^ J^ljidl (iUs-)/l (jPjJ 01 Ji«J VI J-s^->^ N ^JuJsl^l ,_y2^3 

^ ^^j^is-Uii t-jiij^jl JJUj Nj %J-> ji-ij^l^j U^i^ i«j^L; ^j~>JI 

/-o <U*3U« -jjo *J^sS -<2^ka!1 \*&>*j 4 OJi /jp Lj>jj«i .AJsLuj ,1£>j 
.^oJjJI J^i«JI «■ JjJ LJJa /)— «3Lw» /w^AjJSi jj 

j^P L>jjj 4-0-3- 4 4Jjlj-° ipLwaJi oJl* J> yil (. {j-i23 l y^>usj i j 

*I*JI <jL«*)y ^ J-lS iJu«5 >( _y«JUJl (JisiJl iSLswOJ -j^iLda tLpj-^i 
^j .<U*JLxJl objiiul /ws ,Ji>tJL! iaJLk>i w-;L«-« l yf- <L^>^~j u\y> 2 
<c5Lo-<Jl ^ayxju\ J5o Lg^aj^nJ rS^j ZjyaJ j 0i ,< g7tg-»-^>Lo «-j-^> 
UJlj C-ii>J Ji Aj^ialJl CJ15 li| Up 0jJL«j M p-4J^ lAJwaSl dli 

250 



SjJli 4jjUL> ^Jj 4-o-g-oJl ^jlj-oJI l£X>-\ Cj'jS^I *,JIj_»JI dJJi 

^^^^JLjJI (j_i^J! oLiiLw* «_J| 4^>-jjo j! <-^>^> <^J-l! oUfcl^J^I 

*Ja*-o ^ ^J)\^l=^i\ JJi^Jl cLjiiJ J_5><^J-J <. JU- AS ^jIp-j 

oLjJiJl sJla i£^>-\j .j-iUJt J../?.iH ^i o-£i^J < _ 5 xJl tijiLw>Jl jl 

oLi^Jalll x-a o^_^>-j^JI A^JjJl Aj^JalJl jjLli jl O-JlLj iLoJ^t^Jl 
SJufcLi-dl oUajt*Jl Xt'y^nui *j'^JlS Wc^*" (j^i <_s^' U-^" ci^^' 
^jll! IglS" l j?y>J&\ JL>JI ^ ^_j-i^ 01 i_JJai; (_$^-l AjjiaJj .Lf»li 
JJLo jl ^c^lJI .yoj . l*jL~>-l e.ijj>- j-*JI Aj JiJI /w« iwJJaJI /v>-*j 

t <U^_«J jl 4JlUa» c **^-*-* C->jlL*X?-l i 'U~>J ^jjr^ CjULU^/I aJjfc 

[146] L^5"j .Jji^iXj jl s-LiJ^I IJLa J^-<J (j-^-o-J *-*-£ ■*->.} J *~^»-va.H (j-»j 
jl oj j»UaJ ij^rj i]L-& j-^-i (*-J l^i 'Jj-»' lOJLSl jl ^J J-~^ 

^jJlLoJI f-L-xJ^/l jli (. ^_j j-^x-j jl (-^-i-c- jl ^.sl^- t c^ljiwaJ 

JuJliJI /y> Jb-lj J-^-i^ /»-• L^J Jl <— ->*i ibJj oLjiaJj up y^sju 

j! jjk J_^?L>Jlj .ii£L»_<Jl cLjJiJl J^j jl ti^5L»_<Jl ol^i-Jl 



Ernest Nagel, ((Principles of the Theory of Probability, » : ^ la il i Jl ^^ ?-Ml 

International Encyclopedia of Unified Science (Chicago), vol. 1, no. 6 (1939), pp. 
60-75. 
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t j_>J ^jJl oIjlaL^JIj cjLijJajJl jli cjLLiJ'yi a_*_^IjJI ki^\ 
jl .ojJLs-j jl J^— < ,jjs*-\->_ ^JLJj Si^Lc- olS L>Jb lj _a Lao-iy? i 
^j ^ frUJl ( _ 5 Jlc- jJls^I (^^i^j _^gi '. LS *- : ^2i\ *l£jVl Jl* jJi^Jl 
IS} L^p Jlj-^Jlj .^j-j" ^y^j^ <~-&y> (_j* o^jj>-j^J1 ijJIjJi JjI-JlJI 
Jlp Jj^^JI ^ ji -u (LiJI ^&.t U J-As! ^ jUJl dUi jl5 
,r»-J t .in f-jj jw<> oJL£ oL w n-^Jl jl jJ j! i. wa_il (J,j^-\ /pi^-f 

jlS otil^JLaJI ^ aSCJL]! aJufc J5U Ijl>- libj^-o <iJ\JL» iiU* 

<_£! Jj^>-j ^y^iJ e5^' (Karl R. Popper) j_;j_; .j JjliT L&jjJ? Jii 

f>jjj Lo jU i^^J-w* ( -<a>eJl)l J_v^L>- U J tjjill (_^l 11 jJi^o ^J-^J 

e_~~JO (_£JJl jjJ-!i jl 7W>ijJ! ^y» .«UJIS AjjiaJ (_r^J J-* <^J^ «j-^ 
4J_ol_>c_oJI oJ_* AJU_;_P <_£JL)I jjJ-JI <^->~-J k^oJ_So Zj->-J CjL-j} jjj 
(Jj^JaJl tojl LjJjIjIj 4 JLjJ ( jJI olj-itD (_$l t^ijjdl aJ-p ol^>J 
*_SjjJI ("-LP j_*1jJi olj__s- j^i t dUS /«-»J .oJjJb*- •U^JiJ j j ,g la I 
,JI (^J^iJIj .i^oJlSol ^L^l. 41. >\j^>- pj* AAjI h"a jj>o 2 jl /v^-4-J 

/-* ljlj5o aJ^flj J_^2j^ Li^j .a^i-Nl cj1j-J>JI Al» jj^-jj tiLil 
^_JLp1 ^J a_L«L5' ULLx o_ii>tj ,_^Jl Jj_L>«Jl o~^_Jj tjV^*-* 



Karl Raimund Popper, T^e Logic of Scientific Discovery (New : j la ;l (2) 

York: [Basic Books, 1959]), esp. chaps. 1-4. 
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AS ^j*j i. jbJL>cj jlJJJl Uj& oLiaj<_<Jlj ij^iiJl •__! L* S-^^^JI 
^ JlS ISlj .^UJI pJuJ! _£»J ^1 oUj^-SlI j- ^JL^JI t oJj 

I Ajjl^' 11 (jA9j c_r" ' U^lj^il <J-» <Lof-!)LJ1 ^ J-~-* J-^J J-~^ 

^j .olijVl J5 ^j oL^liJl J5 ^y jl ^^IjJl ^ jL£J 

[147] j^j (_$JJI oJi^j jji 4_«f.*>l<Jl ^ ^jJJl J-^ll j^ !i| 'cij^' ^r 

aJl*J» IjLj*-° (Popperians) jjjj ^LjI ^-Lt^; i_jj—i tijjJaJl ( _ r <aiij 

( _Jl LgJlS i >bw2jl aS^> cJLjS'LxJLjj Oj-g-?-l_^-^' (t-g-iLs t J_-_SJl IJl* 

.4jiLj>=_<J| 
^j-laJ^JI <_)_»->- i Lj-g-jJJL^ t iol ./> " Olj 4_*JLJLJI , w '. 11 " g ^-j jL> 

l_£J y j»_L«JU 4-«_g_a *J>jjJI pSs- jjsljJij pjj *j-^~ jl .S-L?-lj 4_JL»^ 

«_a t 4_> Jilll t ujS^J ,\->Jj ..5jJ>-j-«JI ,*J»-Ol -Jl — JUj La , .^^cX^J 

ijiL?- jl xJjjJI <»_Lp 4j_AUa jj_£_k> *_a i^j J^>tj j/ c J_Sj_oJI ij->-j 

aJl»_p i_oJl5nxJI jli c dJJi /y> Njjj . Lo g : -.^ jl i^jJl5cJ! c~iJ 

CtiLb C ^«JL»JI ,JJL>Ol 4^jL«_*o 1-v2j1 I frl>.<>-wJ /^SLo-J ^JI-jj 4-1 ,/? a",, a 

^Jl 4iU?)fljj ..^OS jt-ij-il^J (^U wbJ^- *Ju^l_^ jji (_ji Jiw Lf;^ 

jjj r uli f-JuJI (J^- UwLpLsJ jl Iv2j1 L^X*j L»5^ t l j r y^JsS' "jjj ^ la -o 
Ul .^yjjjl JJb^Jl ^JU^ ^y Aj^ylaJlj ^l^ll J^J ("taJLp jl) ciliT^I 

jj*> ^^o-bdl (_^i>cxJl jl Sj5o Lu-i /c^J' l-<»-L«J tr-jj^Jl ^1 i^^JL; 
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b>jup l§j»-jJ» dr^-v fj^' '^-* dr* ^-^' <J' ^ .dii-is" ^ i>-j^ 

«>-*^Jl jj-£jj -U-jj ^rjj ji Lf^j-o-^-* y oLyAJl Jh j&Xj 
J^i\ <_,_* ^JUvil^o j^jd\j rj^P-tj^ y <J\ (j* Jlj— JJ UJa.P 

cLoJt-iiljJl /^j -^o jl_l=-Nl 'U-g-a J-*-^ iplw2jl aJLft jl _y£- 

fr - it ^ 
>LPjjJ>ul .Sj-?-J jjl j-^-SI t J^S- J •<_*"* ^* -C J"^' ^jJ^J f-—^ 1 .' J-* J 

t dJ*>U- ,'vfl W^ J-*"*-^ J^-lj p-^J <■ <U<j-L>dl Cjy\£LL<d\ /-« aJl>-lj 

/,-^j L« 4_-^sU_«_JI jLi c 1 g i_>J _jL*_«_!I •,_« oJ_?-lj <Le-j_o_>*_«j 

Jju *uL»_*j 4_olp <ii Jijj ^_j _Sj LSn-JL> L^o_«^>- /j^-oj c->L»J<-ol »JI 

:>j->-j M t^jiCSj .(vAj^I^j AS" LgJUtj L yJl o*A5LL<Jl ^j^- <^L~>- 

a^sLjuJI cjUJojIjJl! Ojj^jLuJU .*JljJl ^y oNUJl oJl* J^-«J 

.<u_ij ilJLP)/ c^Nl 4_JUJl L^L^. yJl U-15 ^j^J^l 
iJL^i Jy*- ^jJ^L^uJl (Bertholet) aJjj^jj o~~»jjj At* c jjJ_j5Li 
.JjUs *>\jj c >> ^ .,f?«j l JLp i^JL /^S^h^o <. a^L^Sj] c->L5'_ r <Jl i^~£jj 

ji- )ll J_pu jl »^w« -^-lj (jl J-*^ ^ j-^-4-«-j' (j-^ (Ji-S" 4j| «_jj 

y LoL jl LI j^-o-i M t<L«jLf- ^j^liLl^j 4^_Lc- ^ ^^j-; -i-^-LJ 



[148] 
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** e f t- 

t£j*a\S-*J X> 2 jlS liL>J 7- jJ^J oJlp L>L^»1 L-;Ij jl c^-"" "^ 

Ja_> 4-fr>-J f-* ,J-°^ ir"''-*-' <j-~* >B -' (_c* ^J-*-"* 1 - 1 ^ Ol <U~*sLi»JI oL»_*j.jl -Jl 

c-)Jj>-j ( _ s zJl dJLL; «-« oj_^JJ iJLLJl (_^iUJl *_L«J1 -^JL£> 4JjUL« jl5^} 

L*-3 a-oL^jloJI «juJ1 oLo.. ..... ■> ■ /-j i oL>txJI <_£ $i f j-~j jt iS'j^ol 

j\s .»j\ ^L; JijJ Li*>Lj>- t Lfj N Lx-^lj Lviij jjjj LS\_woLlo c... .Ajj 

^ t Jlj-Jl dili jl5j .dilJJ Lw pJUJl ^ Jlj Jl jl*~l-1 ^p'jJ 

Lfil t^>uijj t ^^ <-^ i«UJl 'L-^jJl ^^-^' ^j^-* l£-^' J-* 'd^*- J^ 
-Lai i j2-f- «— LJl OjJUI ^ s-Lj. L*5j t \ .,h >\ tjl .4j ">\^- oAj>-j 
^jLiJ c_~^ ^p Jlj^Jl ja ^j^JL^SCil aJL*^I <u>j1jiN AjjJiJ cu»c^ 
Oj-jIj Ji iJj^^>-jJuJl f-L^^SGl cJlS' (^JJl Jlj^J! j-aj 4 j.iU_Jl 
Jl* <lIl« t«ujjljiN ^^1^ ^Jl JlijjMi j_«j jjii .4j^p c-oU-lj 

Ul >— «^»- ,]-; t JaAS <b 7- j ).o-^^a (JIV^ 6jL^>- l/yj-J ry^u^\-> Jj (JLij jl 

jjiJl ^yii -f-jij-51 f»-Sb 01^,-w^^Jl dili j-^o -J L*5 .^Jt^^A J^»J 
[149] ilj_<Jl ^)1 6 ./> j_p 4_b_^-l JU-L>- J-oj v*_L>JI cJlJ^^i tj-j^-^nJl 

a-IojJIj Aj^SCiJl s^js-^Ij oliji^Jl j^ jtj-^' ^4ri^. «_?* ^-**^ W*l* 
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J_i_L>Jl j^Jo^l _J| _ii .a_,J_JJLj| * LjJaJl i ejL)'-w.>oJl ^sLjJI c-La 
oli*>l-P ^j <.<_>jL>«jJ|j t oljj,./>:llj t iojJLlSI obxJ,l?.,r? <Jl Ai-Ju 
^j_^j *CL^>_^J ,",-a -L> jf La _a> a_ w a_l> t J] 4^>t_JuJIj . I ^ '- ■ i L»_^j oJ_>Jj>- 

\juJLL>J 4j Jii '-a Ij y>t^ /jjjul j uiuu! .JLJli .LaLaJ \>^J>r^fi> L y~*-> 
y *jS\ dili ^_ J SI «,>>4i» N jlSCJl jV C^aUil i~~j! ^ 

.j.^W-^a jl Jali- ^Jlc- i^L-j LSo IjJj^o *-! - L ^ J> ^ L ^^ f-L-i'bll 
IjJjU- jjjJul t <uL^*>Lt)1j t j^-jLj-iJlj t jj^^Ljj! \Sj -J w (t-^ii«« j 
<lJj»j jlS Lai . /j_bJLol 4j.jiaJ ,y> (Euclidian) ajaJisI ap^J _^.j^ 

C L*_>L^Laj t I w ... . "wo jj-Xj jl Ju jf 4J| j_*> _^>L»_'l _S oLXaJI 
«J jjj .C^LaJI 2jS>-jj jLtj )i j 4 aJ^LAJ , p ^3 >^>l«j>rj| (_£jL~JLa_o. 
.^jj_>- Oib Jj-Xj 61 4-JjJj-jJl e-Li^jjiJJ /,JX-a! LaJ 4 ^JJjJlS' /(-Sv-j 

aX-j. Ji" JJsJ ^ya Ju *y jL5 i jjLuI^jI jvJLp ^1 JLiij^fl jJb-^xlj 

Laj ISjJLMj COiLjJlj 4 jLajJij tjl^LoJl I g la j , '■>- ( jJl C>ijj,./?"ll 
| __Lfr jJLL .^-Jj .JljJu>- /j_a LgJJi A » ■ ■ U II Ji_P 1 g bl S -"^J 1«jLJi 

ljy>j| ^il! ^U^i\M <Jiiijl VI -ujip jt Jli;^ jiJ-ll ^iLi^Vl 
(_$j_aiJl iajxJl _^_c- o^U^jMli .J_a^Jl LiJJi jL>*Jl ^ ljJLaJ>-! j\ 



Philipp Frank, Einstein, His Life and Times, Translated from a German 
Manuscript by George Rosen; Edited and Revised by Shuichi Kusaka (New York: 
[A. A. Knopf], 1947), pp. 142-46. 
0153.1 J, i^UJl U__Jl l iJ ^cJ\ ^^LSL. J* UU>JJ ilJii o^U J^ jOU^LSj, 

Charles Nordmann, Einstein and the Universe; a Popular : j la il i ^jJ sVl 

Exposition of the Famous Theory, Trans, by Joseph McCabe; with a Preface by the 
Rt. Hon. the Viscount Haldane (New York: [H. Holt], 1922), chap. ix. 
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Lo-« d>- d)l5 Sj .laloj /),.,tW->i^ jl c /— tJas>^A ij->«- a IjJjSo J f-aiji 

M «. LgJ ,_yXj«-o Jil ^ trt-f^jli .oulill >w>j-*Jl '(^jVi 1 * _> a^^ 

o*>ISnJL* jL^-^I ^ iL«Li oJuJl>- iijJa jl5 jJLJ .^jN! JJLjj^ 
150] ((^jVl" ^^-c^A-* ajj^^JL o^ tdJLLLilj ^Lj-yjJl cs -*-Lp 




JbJl J[ 4~~JL jj^wiaJl ipjli i!L~a C-J15 jJ'jVl iS - /" 



Thomas S. Kuhn, The Copernican Revolution; Planetary : _, li ;l (4) 

Astronomy in the Development of Western Thought (Cambridge, MA: [Harvard 
University Press], 1957), chaps, iii-iv and vii.. 

.-05 ^bSOJ l_o_Jl Sj&ill dliiM jju. 
Max Jammer, Concepts of Space; the History of Theories of Space '. j \i '<\ (5) 
in Physics, Foreword by Albert Einstein (Cambridge, MA: [Harvard University 
Press], 1954), pp. 118-24. 
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ISLJ fj£*± dJJSj . 1 fr ...■; L>-J 4jjJb>^4 oli^lp J L^jL^j ij^slwaJi 
t_^>o buJ LsAjI fjJijj .UL^-I (_$ j^-yl <Lpj_*j>i»gJj L*i> l^-j^>j 

oUj^>i (_£JJl Jjj>^l5t j^^ jl cSj^-^l Ji SJLs-ljJl 4-Pj-«->*_<Jl ^^Ip 

jS/j .aU£JI o^U:NL J-b jl ^ku,; jl JJ t^l^JI JU&I 

L> J Lai VI jli tl^iijLla ^SC<w> __ r P j-*lj-k J^ Lo JaJji jj& JU&VI 
ol .3 ji ojJap- Zjjas*- ojl y>-\ \x«j i/ <U~sLjL<iJl oL*-i_ol -Jl J~j 
t AjXJI ».t>JI <dijl ljU i^S ,<LoL>JI 4j j>cj|j I ^.l-;'. Jl IjHtj t <Ul«j 

j-i OJL>t_j jl i_£jj j-viJI .%-» ^*Jj) SJu>-lj 4_«_si cL>J_>o Ol Ju ii 

f.*~J>y ^Ji\ j*-+py <y» JLaiVl I -La f-LJuJl ».". ygj *— "^ <■ jil 
^^-Jjjj^JI i_^AJL<Jli .LilJJj jj_ojJL V LJLp /%-$JI *wjlj^Jl (j^*-*-; 

A^Pj .^jS^jjijS olij Jl*j j Jul 4_->jL£i oJuJ <lLJj O^Aj &>ej *JLv? 
ti-ojjj^l ajUsJl ^J 4_s^l_>wj l/»Lp J-5^1j Vj-JL« ^^Xj *J jy_^J 

Ajjikil ,_J^ (Lord Kelvin) joiS ijjill Jilj Mj ^ X w>^-i'j , yi aj^I^ 



I. Bernard Cohen, Franklin and Newton; an Inquiry into : _, U ;l (6) 

Speculative Newtonian Experimental Science and Franklin's Work in Electricity as 
an Example Thereof, Memoirs of the American Philosophical Society; v. 43 
(Philadelphia: [American Philosophical Society], 1956), pp. 93-94. 
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JtxJjl CjLjjj«w3 Ojaj-jJ LoJUaJj AJS^Aj l <Lj... JoLjigjI ^UjLj^xJI 
*,U,a.* ^ ilaj (^^ ^>^> (jiJJ^ *— ^ -^J -p-g-- ^ *L-UJl Li y 
^y] y -.p^LjjX '.(Origin of Species) H^"^' J»*»l ajUS" ajL^J ^ 
Ml t.. . JLUmJI IJLa ^ Sliajcj! ol^Jilll 4*waj "%°\S U-LxSI *-UA* 

jjjJJl o^j*JI <_£j.i (Jj;;*;; ^ f-^31 jl ' J-^-"* lS^ c <*"* J-^' ^ l _5- J ' 
t jr-** ti^J ; W^ U^l J^ LpL^Jl jr* »j^ f-^J** ^5* OJjinJ 

^U Ji^M U5 . (7) «jL^1 ^ 2J[^ lj^ ijL~JI ^j J\ 
4j'Lj^ ( _ r J_p a^»U> ojiaJ ( _ 5 -lL> j-*j t ^ j- 5 ^ (Max Planck) dJJ"^ 
/.(Scientific Autobiography) i— <Jlp a_JIJ 3j-—« 4_iL5 ^ 4_^?L>JI 
Lg^jwai- L^_pLi] (Jjji? (j-c SJbJb>- <L_o-Lc- <JLJb>- jj-iJ N» ! MjLs 

*>L>- jlj tCjj^JL; O jg"';" ' lg-*j~A>- j * Jj 'jjJl ^jji c-f^rj 

(8) • »* ' 

N LgJl o-^>cj *-~*ljJ! f-j^JJl ^o ^yk LgJjUL Uj »JlijJi »JL* 
UU- ,j>>j •(*?*** *z{&\ ^J\ /rL>J Lgj^SvJ .^LS'bJl ^y» -V.j-* jJ[ 7?^*^ 
*-fj£Sj te-LJuJl jl ( _ 5 Jlc- Jjj LgJl ^yip ^yvJ-LJl ^ JU^jJ cJl5 Lo 

oJL* ^S 1.^ yj» yj\ jl ^LsLI jl ijl jjlj .*-uuL?- jUtj^J jj_£jL>o 



Charles Darwin, On the Origin of Species by Means of Natural : _, Is il (7) 

Selection; or The Preservation of Favored Races in the Struggle for Life, 

Authorized Edition from 6 th English ed. (New York: [n. pb.], 1889), part II, pp. 

295-296. 

Max Planck, Scientific Autobiography, and Other Papers, with a :_, U '.I (8) 

Memorial Address on Max Planck, by Max von Laue; Translated from German 

by Frank Gaynor (New York: [Greenwood Press], 1949), pp. 33-34. 
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^jIp iojLLjl j^j .Lg^ji (j>v*j M Jj->o «j^ j-* _p-t <_yl (^-"-i^'j-: 

^ g )L>J- C^_«J-ljl /jJ-JJl *Mj-* (V 1 4-«jLL»Jl 4 4_v<3L>c-JJ j_4_*Jl (_5-L» 
UJ^j tiw»-bJl ^oLx^JJ \&jP- C~~J .aJLSI (_$^Lp --U- _V_JLoXj 4j>*IX<J| 
<UjULiJI jJu<2^> jjj t Ajb wb>xj ^JjJI lLoxJI Aj(^Ja J! r^jp .«■* 

<uM£-JL« Jj>tj Jj-j aJJ^I jtJuiijJl jL; JjIjJI jLl<J»Nl ^yi jj»> 

(_$jj| JjJl^vJI ,y l^oUJi jiU-j 4-»_ r ..Ul jtj '^W-^ t^ t U-^ H52] 

l>°j I.** ' Jj'_^' jLU-UNl IJLft J_Lj jl ^ yLs Mj .-t-Jtol^Ji «jijJ 

JuJl J\ cpUJl JbJl J**j tiJJl jJ» Ajb jLuVill iiJJi jl .LaJ 

j^ Ml j^iji^^Jl c-U-LJl ipU^- ^t^J' Mj .L£** oL^-MJ JL>JI 
^ L^j^ J^-=^ jr° t^l AjjJwaJl Jj^ y «J (.aJJNI p-i-pljJJ 

._L|_L>- ,yJ<_ol J j^JflJ jl 

jlj t AS- J r^-aj bj^> "^A» J! <UjLiLj! jL) Jjjij! jl jj» ( Jsj Loj 
Jjs-^j if AJU J jjjJI ,e^«J if t JLa -JL Sjij*J jr^-*i * .^Jt-OljJI J^*-* 
.jt-AjLSol Ijj-Ju Jsi ,»_£*• LS[ jr^i M frU_LxJl jl I <U_v=» ob 7t^=->" 

ol_L>*i_«Jl jLs 4 _JcJl i_LjI Jl^- jif tL>Lw?-l t,J-o- (V« -b }( 4JI ,«_aj 

jU t JjJi l _ 5 1p Sj^ltf- .oJjJl?- oL-i-pl^j Jl IjIj^j Jjj>t^j 4~*l*Jl 

L t lj-JL> s-LJbJl j_^5 4JLJb»- /,» ^i-ji\j i^JJ_>o M L^Mj^»cJjI oJl_& 

i^-gJ^s j-^^ jj^>-LiuJl <Ui?L>tjj t e-UJjol ,_ya*j jl ^j .viJj-i5 A-g-iM 

jj^Lj-i AJl M| tijJL?- *Aj 4_ajLi-a Ij^jjLL jl j^-4-J ' Oj^j- jJLS'Mlj 
iJjo <JU ifj^wJl *J->J->5jj ,(jj>L jl <L4j Jaj ^ g o la n_o Jl Jj_^>jJI 

A^>-lj (»-*-i^l j-; JJi ^y - i -j Ji ->- (V W-^ 4 -~^-o-5l (T^J^- 1 ' < -^-l- -1j<-jj 
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Jj^Jl -b»J l — J ^ JL»*J jl LuIp tlJU .j^l ^_aJL^>=-o 4^£J tJuJ-J 
iy-^Jj ^ {^J- 1 ^' LxSU-> Jljj-vJl dJJJJ >_>lj^Jl {j* S-y jjli 

oLaoJI a>o-JIj 4>^>Jl ^p jl f-bi^fl ^LJJj j*- j-* Jlj~Jl 1.1* jl 

/}-» Lc-jJ *.. . » la v j j -J-j-L>- Jli^< J-j-* ' jL» -Jl /j-» JLj— cjLsa-a _i 
S JiJl tiUj is^xj «-o cjULo UjL- Li Lo jl tiiii ^Jl l j \ jjj j .(jj>- 

<— >lj^~ <J jj^J A^wO-LJl Aj>t>Jl i*-^is ^p Jlj-^Jl jl Oji^i T-l^xiM 

jp jj-Jj tf-LiNl (j^ Jlj^Jl Oj£j Lajup dJJij t + la: < jl Ji~>-j 
A£ ^ oljj^J lJbJL>- I_*j.iIjj jjJLij iljiVl f-U_L>JU . jLAj^Jl 

J-^-w (_s-^ - 'j>* U- " ^^ ^^"J 'j-W^d <J' cs^ ^L^-llj 'fljj^il 

f-L-jl jj-» j-W^" J-*-^~ <_^ u ' ^ Ji - p L-*' (_^JI (j— «-iJl ojLp iJUl-JI 

[153] ilL-fcj . 9 J^ISJL t4j>wiljJl i--jL*Jl a^ljJl rjU- - ^jiLj^j^ 

t i-Jl JUl 5^-wvJlj tr-lj_<JI ^J jlu_~j jl LfJ Ju N l£j->"I ^bj-y 
IJla T-j-iaJ jl *-iLf^l ^ Lu-Lp c '-^ • l-M- 4 bj- 1 LiLjj-l <_pjj' 



Edwin Arthur Burtt, The : J&\ i XS ^ J> ^~^S\ S^Lp jji Jp OU»t)U (9) 
Metaphysical Foundations of Modern Physical Science: A Historical and Critical 
Essay, 2 nd ed. rev Edition (New York: [Humanities Press], 1932), pp. 44-49. 
i (Lord Rayleigh) JJj ij_ji!l fAi : Jj Uj _^i i3_ r gJjl jjj J^ f">U»t>U_j (10) 

jl tki^xJl v_^-Lrf> ~J\ *ij*-i> -Ujj 'JJ-i; kiUi -bo LtjJo- (jJJl (j^Jj . (lolijUllfl 
Robert John Strutt Rayleigh, John William :_,JaJI .5 jr ~ii' oIjIjjlpI *-j> J-J »^~>^Ji 
Strutt, Third Baron Rayleigh (New York: Longmans, Green and co.; London: E. 
Arnold and co., 1924), p. 228. 
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•y> aJlLJIj Lc-4--^ j^*yij Xp-jJI (_$( Jl Oj&t 01 A^xj^JI %« 
^i!l cj">ISLL4jI A^- (Jj^^w^.mj « g'l j> ^-^ (*^i J LH (j* ij^'^^*"^' 

I Jut. L§_Lp (jJaj ^ydl iik^Jlj .^JUi ^Nl dj^-i U Ulp cipj^^-La 

0^jL>«_« C.JLaJ>-!j tljlj^o i J^ W .,^*y I IJLft ^s- i_jLL5GI 1j JlSj 

tiiij (_£l _ «<U_^UJl t- ijbrjJi» jlj *iSjsA J-*j Oj^J 4JL« t ys*>l>Jl 
Ou^>-j oij^ JJ OJlS - _ ( j-xJuil J Ji *^j (J-*jJl J-,r?all ^^Lc- SjiliJl 
J^>- JlS aJI ^jSLjjjjS ij\j \l£L&j .JUJ_>Jl -JijiljJl H^r-^' J-r* 
t^aUjjjJl O Jjia-; 4-iLxJuJl j^>-*J>\ iLjJaJlj i^c-J^Jl ilSLLoJl 

t jjjJl oli^lpj jUJl 4jjj«» o*^i^« Jj- Ji aJI -LojljiN ij\j U5 

,j,0 j£- lij. 4J j ,./? ,>- J_«JL>t_« f"_^Jl IJ-* (V OUl_P.il ?-L?-J <j| 

* -_?'_' I <U*iL* ^ys ' jjLj JiCioj t Jw-il <L«-£ iSi Aj^>JI j^Juil^Jl [154] 

(Kepler's LjljJJj^jjJI j-L5 JjI-u»J ^^JLSLil (jjJjJl j^j .<o 
jlS" ^j^JJaj ijJi! ^J bLiy-l 4jj~s*laS\ JJIj ^^Le- Rudolphines) 

x^>-_^!l 4_..->Jl ^LlSCJl ^SnIa]! cjIjl*LL<JIj j^sl\ ^ C^J^ r^^ ^^ 

262 



/j^LoJ jjiJl IJlss jJj .a^>o <Lavsj cuilS' l$JJ>J c aJ jiL».a Jai oJLS' 
f-Li| ^ <-£j->~j (Bohr) jjj rpj (Planck) tiUMJ f-Ln_J.Nl jjJli 

"^lo-p ^>L^*iNl (jjJ^* jl ^ (»-^j-"j 'L-f~^ ir^^-j^^ cr° ^*^*J' 
jJLJI ^Jl j-ki lil IJla t L$_U- ^> j±s\ o^LSLl-Jl oLj cr U 

J_>- ( _ r Lp ojJtiJl ^jlo juj>^JI frU-^Mt ^^aSC; L» l_pt> t^iJj 

4JJ>»JL<i L>- ^J 4— a-^.ww->»JI 4jjJajJI 1 g •:...»[•. * ■?-L>_J JjLa <L>«_»-1) ts J 

Jj>bj t^jl^Jl ^ tliMUl JU>L-j *J j^juil^j iJ^^J Ut-ki^ jJa^uJl 
JjLj i_^>u cdJJi jL-aj^j UwL^Pj .4-»jVl Ojl_1 l5 J| 0*>1_n_JL«JI 
.'ULp yN\ £j*H ^ 'l5>^l er*- 1 ^ J^ 1 f 1 -"^ <>* J^ 1 

fc-*-*» lij <L*jJLo f^? 1 -^ J'dJ-* 2 -' (j^*-i 'l5j-**'' ^J-tolj-oJl lLLU ^J 

jlS" L>wUp Ijbl LfJ j-wXjLJI (»JJ *J J -»lji' J-^Xj JbJUjJl *JuiljJl 

• JjLJl jA j^JwldJl ♦JtOl^Jl 

(Copernicus' ^j^JyjS <L>^Ja-l olj tJUuJl J^—* ^J-** 



Fritz Reiche, rfe :>J! t( ^JI ^.>J L^J^-j! ,yJt o^Kill J* ^U=*5U (11) 
Quantum Theory, Trans, by H. S. Hatfield and Henry L. Brose (London: 
[Methuen and Co.], 1922), chaps, ii and vi-ix. 

.„ ,, Jj.il \1a ^ iiLJl ,»>-ljil jiiJl ' ljiJi\ o i-»> ^ l _g_ r P-l iliol (J* pyi>^Jj 
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<-~SjS of j <. : y>jH[S O^-n-j" ol *— ->^-i i— S'lj-SDI jl Theory) 
j-51 Oj^o ol <— ^> /*JL«JI (jfj tljljj?! ^j-^j ol <_^?o S^jJl 

c <LuL>tS ojj-aj i > j5w_UJI *^> .P LsJJ^Pj .IajLx i J? Z3>\ L»-j r~^ 

(.OjJkjJI 4j>-jlj i -ojSjI ^Lp <JL>- J^-iva l4jlij /^ UU- ,v^ «^ 

<.\j~S Ljip ij^JiJl Jt oJj^ olJuULjl ^JJL" ol ^wJl oil* [155] 

OL? Zlgf_yJ,\ Aj^JauJl 4-!L>- ^J . J--SAJl}\ jji- tjJS 4-*a\j>*->J 

•^Xaj LaJJ^- U^J <tUoj <&>-ljLa 4jtv4J «U~J^jiJI "CajULoJI CJjUjJl 

JJi> jiT^ ^J> f-Uij ixJL i_^-j ^yi^ oUjJl J-* (Fresnel) J->jy 
Oj— -Ijj J-^j 'U-*^^ <>^ ^ ^rrJ oJl£ dUjj .(^yb ^^ 
4j^xj LgJl ^1. 4AjIjlJI ^i 4^>j^2i^ jls-1 oli" i^Ul t(Poisson) 

jjj . iPjj^ ^-dj^J FH^- 1 (V i!j-i«-4 __^ C-JLS" oJj '^JJJ-vi , 

^^ sjLiljJI SjiJl ^iDj J^>Ux— I ^^5Uj UL^Ij .ajIjJI i^> sjbJb>JI 

«JjJLj i^J JUuJI J^—^ t^-*-* •W^*"j-*~-' <_s*-^ Ajjialii rt-jJ^-4-J Jjl 

^jLjJI fljjfcUi 5iJo ^-^IjLvu i^UJl iLw_w~Jl <L>jk.' it ol jjLlc^l.} 
jy~\ JSj OjLk* i„*5jj£J r-jNt A,Ia.ai 45^>- ^ i-t^>- iij j-*-«Jl 



Kuhn, r/je Copernican Revolution; Planetary Astronomy in the : _, la II (12) 

Development of Western Thought, pp. 219-225. 

Edmund Taylor Whittaker, .4 History of the Theories of Aether : ^ U :l (13) 
anrf Electricity, 2 vols., Rev. and enl. ed. (London; New York: [T. Nelson, 1951- 
1953]), vol. 1: The Classical Theories, p. 108. 
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. (l4) ^JJi o~i Uj^p »jJUJo 4i*>U b lilku 1^ 



^^p" jI oLjjJsljI /~« <U^*jLwO aj-li ^L^l (J-f- tjj/l is^~ C^J^ijJ 

jJlv2^>j di-UJ ^U^j iLLJl iiLoVl f-JLi Mj .LpUIj ^lwo-a! «j*j>J! 
jl <_piji <.lfr~Ju ,jJ>ji (_ji-*- oj-aJl lLjLLj V U^Jj .iljl^Jl LfiuiU- 

t Ja>JI l y^j><Jj ..Lli -L*j ^-J} ijjxJ^j uL< J OJ.ij t ifr a^^i^-J 

?t-*J>jj LoJLs (c^-JI ' 7?- ; f ,1 - =, *-'l 6 -^-*J .AjJ^>- -»_>i_pl ,-) 4j>e-1 ■,(-?■>> 1 (t-J-Lj 

^)) jl t (( Ljy j^Sl* iJbJ^Jl Aj^iiJl jlj JUj jl5 _ ^JL^Jl <U~^ 
D 56 l jl J^>~Jl y^j .i*jJL«Jl AjjkJl <y> «iL=L»j ^1» jl ;«^5I i^b> 

.OLwsLt^Jl jJ L^J^o /»j_bdl ^j <LjL*-8 Jil 5*->t>Jl «J_& JjL« Jj-£o 
■ 4Jj 5 .,<-? ^ w^ Jj-£-J cJbJLsOl CjL»J>_i^Ij-JI f, la *-oJ Jj jl -?c_w»ljlj 

oIjLip^I ^*a! jU ttiUi *^j 'i£j>-\ J^^ A ^^l P -^ cr*^-" 
i_jdx>cJ V IgJl jy> j^^JLij .LiL^-l i^wuL?- jjiCj jl /r^-i ^-jU^JI 
^3-^1 jjiJl jU (.SJbJbr Ajjiaj ^1 *LJuJl ^ !lii bJLo Vl UU 
ic-j^j J_JL>" J jJj .iUJl f^JJfc ( _ j 1p -UJjij jl ,j£-<t-> 4jjiaJl ai-gJ 



Ibid., vol 2: TAe Modern : _^\ 4 5-.UJ1 <..„,•■ J I i^ j^k; J_t ^U»">U (14) 
Theories, 1900-1926, pp. 151-180. 

Paul Arthur Schilpp, ed., Albert Einstein, : ^i ijjJj.1 SJL-jJI ^JaJl to-L»LiII jjLk* 
Philosopher-Scientist, Library of Living Philosophers; v. 7 (Evanston, 111.: [Library 
of Living Philosophers], 1949), p. 101. 
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.JiCS' < _y*Ul J^xUl s-^/j <__>i>J Li IS" IjJjiaJ j*-*^^ 

tiJL*j>Jlj iJlJJl oIjLxp^I »jLa 4»w«_*1 i»^w_^ /rr**^ is^J 
fSJL LaJJwxj .«->o^' _-JI uj->- jj-^-i c5^J' uJl>cJ! jSJJj (ji i^^>tj 
A?- Ji Oj£j LJLi Jlsjlxp <G^a tolaJl ^ y^>y^\ ~b-b»JI j^Ju-sl^Jl 

( -Xjl <_^lj5Ul *-vilj^ cJ\yCZ ( As- LLj^^cJ {C,j>yJ (1)1 jJ-4J *J .Jul 

i>JU^> j^ ^j-laJ o^^tP iiA ^*jj *lj^Jl» 4JL ( v rr > E ^»5'j , yi •tujIji'V 

o[ .jLa«JI <u *>tA ^i L> ; wp L>-U>tJ ,Ju~v>j j L^»i ?t>tj ^J! JJLwjJI 
.Ijl>- ajiU o^L*- ^^a X>'jji wU-e »-!■./?,_. . II o»J?.Jl 4JL>t5 o^L*- 

*J Oj>u jl -L«-jj tJa-ii J-ij-» CJj c-l .,<■? ail _L*j <j| ^^a aiUJlj 

4_o_^L>tJl -7tj>t_?ijl j j la t " 4 4jl_4_)uL^ilj l 4_ij^_3j . -,-ij.sl _JI jjjJ2j 

jjj .f-LJl ^ <*jj> eij-jJl ^ f j-v-l »jwaJI ji oL~J (Fizeau) jj^ 

Jjj>Jl ^ jji LjJ (j^Jj l(_£.iUJl jJbJi J^a *J#- £t^*Jl dilb r-toj. 

o\ JuJl>JI f»-«jjl -JI Aj^ai- /i-^o-j »iL«jl ^J .IJjj- LaJu^o i_isj^»JI 

N| (_^JuLiJl <^ilw» (3_^i N (vAjil^Jl IJL» jl lpjj-^> Uj^j Ij^p^j 

^ JbJL>Jl ♦Juil^Jl ;*JI*J UJaj .iaj'ill JU>a ^ ( J^>- t^LJi 
CCjLJus^JI aJ-ft a^>-1j^J <UpL^j aiU-l ^jS^d ^JliVl *jualjjl ^Sj 
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[157] S^^^^l -i^jJlj t(Tycho Brahe) 4-*lj-> j-£jI^ ^-k-s^j ^JJl ^j^M 

5-e-Ji y> L^-si'j-C' oL>Jj>*JU /,_JL(L>cJL^I LIS t j jJL^^-jjLajl 4jJaJ jj 

of diUi ^1 ciUii .• 15) (>: ^-U LIS" U_*">L5j t JbJL>- <>-^ol^ 

4jj£ 4>i£- /jf>- JJ-U4JI (jl^>-l jlS JtAS .4LJI 0*>\5vJL« C^~J (*-*jJaJ 
cJLtjL^I tj^>- ^iJ^J^J *-i j " ' ^-v?J OjJL»vJ>- JLdJI 4j , bi «Lj-cJ ,/? oJ 
cj^> * b".>J *J t j^>L*«Jji(' Aj JiJ j ./?'. II *J jl Jj«jj .e-LaJ! <^~S Z 

t jjjjiDl j-« Jjly^-M! J-jL* j^ j: Js^J SykUs ^j-^-j jl AjjJiJl 
LgjL jjI^-^iiJl 4jjJaJ jLs^JI LjJj j Li I JLS OLS" ^1 oytiUaJl ^j 

jli t (jlkJl tiUi r-jL>-j -1jl>- L.^5 S^La<JI 4>^>Jlj i>t>Jl -^ L> 
,<Ja.»- JLaJ ./«-^>L- A£-£-> JlJJcJI ^L>Jls<2-<J jj5sj L> ULp jljj^Jl iiS" 

jjj /w« t jLajJl ^3 l-L<L>c«3 JO <U-^>j J I O J>dJ \j>-fji ^tjSs^JfjjS 



^LkJ SJlS «JjU-. VjL^ jl? ^Ul t^SUJJl i-ukljj fUiJ Jj^ £>LU">U (15) 
John Louis Emil Dreyer, /4 History : Jaj\ 1 iw-Ju^JI 4-»-Ul j* 1 ^j^Liil 4 ^jS^yjS 
of Astronomy from Thales to Kepler, Formerly Titled History of the Planetary 
Systems from Thales to Kepler, Rev. with a Foreword by W. H. Stahl, 2 nd ed. 
(New York: [Dover Publications], 1953), pp. 359-371. 

James Riddick :jJaJI <L^L>tJj oy— ^-j-LiJI J^Ja-J Sj-i-^l fi ~JI ^s- f-Mk^Jj 

Partington and D. McKie, «Historical Studies of the Phlogiston Theory, IV: Last 
Phases of the Theory,» Annals of Science, vol. 4 (1939), pp. 113-149 

James Riddick : jJiJl t Qyrjj-'-H N Lg-»-*-» ^1 iiiLiil J_e *^U»^Uj (16) 
Partington, ,4 5/ior; History of Chemistry, 2 nd ed. (London: [n. pb.], 1951), p. 134. 

Hermann Kopp, Geschichte der chemie, : JoA <.(_pb^Vl j_^^S3l -L—S'jl Jp oU»">U 
4 vols. (Braunschweig: [F. Vieweg und sohn], 1843-1847), vol. 3, pp. 294-296. 
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cpJil 4^^L>Ju f J* ^\ •^wjJL <uii t-is^^ iyjr? A^J ' aJ-Xju^u jl 
^ji J_J ^ 4_JjlJI Jl^« ^i^wflJl jv-Jo-sl^-Jl ^jLf- t ^Si>^ r ^ jiff IS} 
liU .Ij_?- iLJi ^j-^ oljjiJ ^^jcu— (>j-L*Jl oLi loMSLi^Jl 

<UjULo jlX*} A_U> LliLu oU a£0 Lo~a eJJ a^oJI eiLsA*JI ?tJ>t^>J\ C-oiv*l 

.<j*>Us>Nl i _ f U oljjiJ ^_jJL»Jl ^ycJ ^ <.oLJu.il^Jl 
Jjj=- iJLJb-Jl ^ o .-..,.». J ( _ r «J<_olj_Jl Jjl>JI o^Ij^ j! _ /r c- 

. t ft. £ 

JUJli .'iULS' "}L>- Lg-b- AJI (V-PJ-; jl ^^-w^iL^j! ^ <_£( *Jg .•;■■>; M 

(T"J*-*-i ip' AJjAJI oljLjstJI /—j /j- ''i J^j iJJjCj tjiJ ^C-JJL»~j 
.J.. a,"..„.<Jl Jlpj ( _ ? Lp ( _ 5 l r « jA U^o ^^UJl oljl><J} ^^Ip Jji i?-jJu 

IS j_^>o jl Jb ^J .Cj'ASCLjl J^~ i!L~a oyy (_£jji JJ->-H L>Jl>w> 

l J1r SS\ o*>l£_JL<Jl ipJt*-^ ^ ^t^u^. OjJl^JI ♦Joil^Jl jU jL*J 

J* N! oiUol /^ M ^Jl ^Ji ^ Ijly jlj .L^o JJiJ! J^ 

.jUjNI ^l^i 

jj-^iaj iiLJl iojbU jl? liLJ T'^r-ij tiJJl ^-jL^^II J^l dJJi 

•*J\ c-wJo U Ij-«-^j ^y^-5 cj^5Lt-<JI Jj>J c_..,»-,a1I JJjJl jjwii^j 



[158] 
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(_£JJ1 w-Jij^Jl f »_*_ol J _Jlj oL*j^AJ ^L^l sj^rj <y -L> *^Ai .Lao^-j 
^Ij^i'Vl jL> yJ^i <-J-2^l ^-r^ *LJL*JI ^y *>^ Ij-iJ J-*->"4 ^(^ 

oli_jl iJL-kj .4_>w?lj ii-Lw? ^j-L.,r?.<Jl jj> a-JL»_>tJIj 4 : „^ir .-J I 
•?t>^>Jl ,b«» jlS" LoJU^p i «^U^>iNl oIjLjjp^I dilj Lg_J cJ_p- 
ijjiij o^-ii L»_cj«i -<_^j->-l <*-§->" <c^i j--*~i L^xpLw^ /^o-^-il ajJLJI 
J oLdl ^ (De Broglie) l _JJ^j^ ,j^ ^>JaJ j\ <LSCLsJl ^jZL^jjjZ 
.^IJl^MI JLp SjaliJl cS>Vi (j—^l ^ jj£S\ U^ji </N ^ 

.oL-^LjJl 5j5b r-jL>- y $\j>H\ y> JJi 

tj^Ml ^ tjj-ij sjl>Jl>sJI oUJ<_ol J _Jl jL u^-j-i N IJLaj 

•jJJl cdJjJjl /w« (J-^- 3 cLoLoJ ( ~*£w*Jl ,_J-*-S -^J-^ <LJLo_>- J-v2j1j 

O j g " ' ■ i »^Jlo Oji-«-<iJ ,\jJu1j .LaJu>-j i >L— u^/l sJljJ \JLwV_iJ" Oj^ljj 

<] Jb V tJ^aJL ia>- <_£l ( *-i : ol J JJ bj^i ,_s^J • t lr^-^ l>>^ f-f'^ 
/S^^j Aha] ^Jj^ °j j - ": •" ci>^ iy Nl Jjl ^ ^jjJjJ-JI ( j*2-*-t /y 
U iil ti-r^xJl dUb i _^p-j • Lfl* J^V'j '^L^ T^^ /T^! L*-^ 

jLi t ^Mip *LJuJl oNj .(_$ilji} J-S^-Ij 4-wi>- bj& M tCj-gJi 

^J AjII^ j+*ju jJ> vi^JjxiJ La (1)1 , P ' L*i «^»J <Pj*>J J ptj wO}il 

[159] ^o JJi ^Jlp ^ij^Jl ^Jijilj-JL! o_»-So jl (j5l«_i 4jIaJI ^ 

l jS' jj-a-^wjj c 4Jjjw~^>»_; eJj_s» -, , 4 i Li t^jj^U ^Nj-A jL? Ii[ 
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lJj^> i <c>JLa« ^i ^a .Jul ; L^J ji j <ucJLjl ?^j>t^JI jli i<c£jjw 
i_4*ii3l y^~tj tliJlP jiSI frLJLo aJ| Jj^u^. JbJUPj .LaoJiP .itajj 
c t_jjl>«jj| JJLP JIScj lJi-j t Lt.^JJJ> U—ij . J_>Jtj>cji *_i_olfJI /-P 

,ia <> '. 1 1 j 4 aJjJujtJ' a ■ la,'., 1 1 i_. ./?>o IjjCXSI .'^o-* t V. ,<?,)' jj^i-l ^tfl>wii 
rr^-J A-JlltzLa ~wC- ^LojULaJI I g ■» te ,.,/l." 4-iaJLi Ju>tj ^J <jU t I iJ-x-J 

.LJIp 0j5vj oi /jp 
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XIII 



^J t -*JjJl jjJaJJ ( JaJa^Jl l Ju0j 4JL>LJl ol> tf ,.rt>li cJLaj 

*J dJJi «_«j .4jjLt_«Jl ei_«s ^i <lJ1 , 1 ./? \ jl /j-^-o-J <^JLo JUljI 

ijjL ilL^il Oi t_w>jJl (Jl* jlS" li[_j •4->t^J ^j lPJH J' Lf^-»J 

ij_jijl jl -j-oJl ^ *>lLa *JJU 1a>u ^J t (3j-^ o-J-»-) ^Lij a*>Lpl 
olULiJJ Jajji \X>jA>^> ljLx*l <»JjiJI Jl«j liUj ^SjS—vwLaJI jl <L~uL>J! 

cJJ-c-l JLai Jlj—Jl \Jla -jP ij^UJl ijj^-'yi LI ?L-U- IajpjJ jJI 

jl? li\ Up Jlj^JL l^o^J jl <—^ri ' l-JJ .iljLwJl aOA <_J_^? ^ 

. U>*<w> 4_L>Jj i(j a>I Jj^-j 

(_£j_*J (j-Iji J I J—J I /yO l ft J-^- Jl '4>-*Ll 3jj_m2_)J t ia_?- }< 

^Jl JjJb-Jl ^l lj~£ i?-jjj ^jto^/fj^jt tljj>l ^JJg-s^aui .<lL*5L 
J 4~Lxj /jjj JiS"l s-j^jj l_Lft ^Lw j j .Ajt^Ij (J Jaj LLtS A_liG 

a^pUi^-NI (>jLJl ^ Jls-Ij (Jlp jlS" lil L Jjj- ^jLJl cjN^L^JI 
Lgjjljj L cj^jLt^Jl oi^J jlS Jij .Lap- (JlP ja J>-l jl Oj_^LjJI 
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jj^ -jaj c^jJI t^J^ djA>~ tJ +-*j$\jJ6 iiLJl ^°jJ' ol^xiJi jJ 
di-ta i-ajjjL; Lota jlS" jjfcUaJl oNjU^JI ^j^ij^i .la^Jic- ii^^J 
o} *_^JLtiL« ^ (j-^ Jj^: ' <JLi<Ji (U-- (^-"J .jIa*JI ?JW,./?<Jl 
.^j^aJiL^g ->Jl ^ IJLSj IJL5 ^J-^ jj^^-i <J^ f 1- ^ J-* u^*^' c - ^ 

j\ Ajjjj^a yJt- LI ( Jt> ( wajL^j>Jl ciUj d)^ ^rr^^ Oj-vijLtJ Oj__p-lj 

t s^5 4iUs> j^iUvJ U LSLpj .LJlp Jja>JI -y Xk>- J-*->xJ ^J^ r* 1 



Ji-L> M taUi t diU< ^.Sfl 015 lilj ?JU, ^J jl ^U <ul ULJl 
dsl ^ 4jL>^4 yd ?j_JLiJl j! ^» : .loll ^L_Lp JL ?J„L./?.<J1 *— ijj-«j 

( _ r «-L*Jl ,_^La>- (jji>-l liLJ : c^-jis jl5 ( _ r Lu»> ^yJl ,U» ik-^l jj5o 

ijJ^Jl i ol^^JJ (_$ij ?*}lla t e-Lj_AJl JlP >Jl£i jl^ LJ ip fJlSxil ^9 

^^JaJl fj-LJ' UjLw C^15 tal t*j .i_4j_^J ^JLp (JU;^ ^j>l1^ [161] 
dJJi (1)j5sj Vj tjjii j J ■/? j Uj5\j jl -^p (_i5c^o LgJLi t*-iJ ota 
(j ill i— jLj J ^xjI oL-j^^ij! Jpb-rJ Ljcj> LJjj l ^r j -^ ^-*ij-*-> Oj 
4 tAi«-9 .E^si'l^Jlj <u^L»JI L^jIjUtJLi Jj-Lco Ic-L^-] <wsLJI L^jw^jj 

lil L> 4jL-*_» ^ 4 j^Jfc J__oLv2JL3 Ml jl A3jJ<-« to_4_« Ij-ol (l)j5v_) Jii 
(_5j3-^!l Jji>Jl j_^i*j ^y* .'^^jLa-aJl /^fl t^'ljj.- Jil tUIp j^^JLis"- 
(jji^«_i ^j^LsAXsNl (jV j-* dJJi S^ Jugi .^LoJ^-Nl /JbJl j^o 

*Jl«JI j^ UjLSoI /^ ^...aJ.'.t N i _ s Jl -kjlj_j"! ^jfijS- ^ji JlpL^j jl 

^ aJU-LP Oj^ ^«5I^JI (>UaJ Jl ^LiCiJl jiJl _«XpI JiJ .fJliJlj 
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t JJ^i j tl?w Jij -AJUjJl j-fc ^s^jLojl jLiJl i_SJ_8s jLS" 1 vu^Jl 

t^ljjL^Lj t(Vasaro) jjL-lij (Pliny) lj J-J-j J-^> Ojo-jJ-aj iL5J 

^jji >_uyi ^l^ni ^ \X\ ^6 jj^ji diL" ^sOj a) Jij^i 

i j ry > <jj->>j IjJULJ <^-«-» j^j-lS' /y I Jo- 1 j Nl (Leonardo) jj>jU_^J 

(2) ** _ * ' ~ y 

4JL JgJ jljJLkJ liaJi^ Oj^pI ( _ s xJI IAjjJlJI ^J^oJlj L>-jJ^SsJl 
<L4~«J«JI 4jjw? l~L)tS /»L~4J }/! JlaO Jj .C-^*sJjlj J-SwJjl ZfAjl ,cip 

^ .J^-j .aJIjlJI JlSLiVl ^j-a fJucJI 1 vajl l«-Juj tj_^t»jj! <_sj_a 

^jLvS *SJcS\ djS ajlJl^^j ii*5lp IS Jj-£-j jl -t; N Lo-jJjJJ>JJlj 

[162] t Lg_L==— i _ r ~oj t aj^IjJI Lijjjt^ ^wij-j /ji^j tJU- IS" (Jpj 

Jp j»ji: 4J J^*^ Ji*. ^1 ijj Jl J^ Ul iilji^l 6> <y> 



Ernst Hans Gombrich, /!»•/ and Illusion; a Study in the Psychology : J la '■! (1) 

0/ Pictorial Representation, Bollingen Series; 35. A. W. Mellon Lectures in the 

Fine Arts; 5 (New York: [Pantheon Books], 1960), pp. 11-12. 

Giorgio de Santillana, «The Role of Art in_j ".97^ u — iu j-Uall : j JaJI(2) 
the Scientific Renaissance,)) in: Marshall Clagett, ed., Critical Problems in the 
History of Science; Proceedings (Madison: University of Wisconsin Press, 1959), 
pp. 33-65. 
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{•JliJl bj£->_ jl i_* ->o ISLJ jv-fi aISLLo L-oLo! JJaJ jiJ .-jLf- aJI 
auJLo AJjL»c^jl oJub Axiv?j (_g Jl5\ f'j _JL«Jj AJa^-*)l^jLi S ,jJb>- AwjL?- 
jia^ jl lui^J 4 ill-. I S-lP <il ( _ 5 JLp Jlj^Jl dJUi jj-*^ Jij .AjlJUMj 

aJUJI i-Lis^L (.LfLS" o^UJl ^j .oJl>- u ±& l^ Ju-lj JS J* 

4_oL*_H UjjJaj ^yS^f- <_j-Lft ^j-^ bLoJ^I , L>J1 Jl*Jo«-w- iSj-^-Nl 

jl UJlpj ,<u-jUj <_£JJI Jc>JLJIj j^JLxJl JaLiJ! ^o a£*>UJIi aILcuJI 

«A_w«_Lp ~<~£> y*p j_»» «jL^ i_^^J {{ L r^- £> C Jl ^-' ,) »J^-^ <l>^-9 tciUi 

oj->-j wLs-l ?ijji jJ j»J ajI *_sl jjlj .Lo 1^- jjJaJ) A* Li (V* tjljA^wu 
AjV ^-i-ft j-A jl t -JLP' ajN J-^Jl f- 1 -^; J^-* -J 1 ^ Jr* j-^J! 

jl ^iUJl (JlaJl JJL« ?jj^ L ^s- <^-><-i liLJ jMl J^L^xJii 
oLxJl Oj->- J-aJ .a^zjUaj- Jol /j J--L4 -iJ^ *£-Lu ^-*-r-^J c f-^-Q 
"j* j\ X^-J jt-kj^ljj ( _jJJala /-« ?c-^>Li (e^J-^- J->«^> (\Jss\ J-*-v, jl 
4AU>t*J( Aj^JUJl o!Jj>w>jI wO>tj£j LJlJj •<3~'J -~t J C»ta Aftj^>t_4 

^Lftj^_JI ii^iJ AJbi^Nl o^UJl lULL' ^j .LjJIS o*A£jlJI 

tA5-lj Jb>tX^ j_gl J-="t.i (V Jeu L° til <jt ^^ft .^jS oU.ij.lljj oJjv 

f-A-^JI A*-«-ll 4 -=r i ~^ jL* t^j^ /y> aI f-LJif- jj aaJj^> cuilSl f-lj^u 
Lw^> ^yl^j ?dili t_i^>- jjiJ jl Vf&+j t-_LSCs .j»JlSiSI ^ ft>-tjJl 
c^jJLiU UJlA AJUiH jL? Ujwo aJI Lk^N jl LJ j^. Ail ijLiJl 

ft ff "' 

aJL>t^-4Jl APj-o^t-oJl /»_Lij jj>-j\ Ai --jJ-jj^JIj iULJI J^a ^>[S jL» 

.Ajli f-J^Jl J-« U1JL4J C~J>jS- (JjJ-\ pt-L»| Jj-i^ iiL-Aj .L^JkUi 

j-oljVl /r~->^ l^-JJt cJj^—LiJl jl 'iJLoLp rz-j3y_ t^JJl ^Jj-A^UU 

^1 apj^j^Jl! jJj 4j»AiJl i ,h-»i (Kantian) iJaJlSGl aJ*>\j-^[| 
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* ft 

<j-~J «LJU <L£J- -ya <c£jj f-Jiwa ?-L>iJ jJSs L*_*JI -jji \jC~0 jl <Lg_>- 

JjUj U-S" idLU US' lilj .4_pj^^-<JJ ^U-^Jl jbfJVl Jl AiL^I 
JJL« ciUi t_^-u (r~c^ ' f-iiu 4_^<J-*Jl ^p JjJi>J! jl J c jj__^5 

J i_~_~Jl Jj-£-J jl < >^> Jj .^JLA^j -J AjijJjJl ^jl-Uj! jl J 

[163] ^Lka:| ">Lj ^LlCU L^o SJl^Ij J5"j 4~iL^> ^-jIJlJ *iljJl -ij^jJl 

s» ft s- 

U^< Jp tii^UJl jj *^jLs ( _ r i>S Jj ^yjj .(^j^-Vl jj-jjlJuJl ,j*— L 
fLj| j j., la^ijl iSLL* JI^j N «J| J^SJj iL«JuL? J-i>«j [«J i JLL<JI 

jl J cJLii JlJ 4 : W.«jVl AjLJLil! jl ( _ y lp V l j la... j I uij-~wLiD 



Jj£L> 



■r 



* ft ^ 

5yUJ| J*>UnJ ./>jJjJI J LsajI LJLjJ ^jJLJL iijis-JJl aJun jl 
^jIj^JI j-a JuJutil .ilbj* jL5 Uju^-j tjvJoil^JJ iJLLJl i^jJl 
*>U»- L, <./»JLidl JLp JlJj iL>u} |jj>- j-^-^-xJl ^ jL5 ;4_~JLu-<Jl 
U->L> (_^Jli5l Jw^aJI J Li~i^?j ^1 oj^iJl ^ »-Uj .^jIjuJI J^-ta 
(%J ^-^PjjJLo rtjLiJ j-^J '/%-J-«Jl iljiMl Lg_>i ^jL* (^i Sj^iJl 

f'J-s^j-a («-* jj-Ji-Js-Jl ,"w4 , L5-?- OlJ_dJL«-o ja_SJ> LaJCftj t Ojj_DI 

aJJLJI jl^^L^I ijl£j>l Jj^>- j.gla'i iij5LlJl jLs tJL..JL^- -j^o 4-JLiituJl 
fr^fj-gi .oLiaJuJl oL«J<_ol^Jl /^ j~>-\ jl j^ju^l^j ^.^J X-J L* li| 
J AjJ>-|jJl (_$jiJl J* oL^ftl jl Ijliftl ryj^J i^Jki-o \yJ2ij (ji-*-" 

J^ l^y^l ^jjlj .iJUiJl j^^Jl Jl ^LJI J.^. •L-iSlI 
j-^Lu> 4j>JLi2^J iuLo^S^I «^iL<JI» ^yiij jl Ijlj ^jljiM f-^o^S 

ft #. ^ 

jjl^Ju jjj-i-ll wibJjl ojj>cJl (_$JJI ^L*^! t^j^-U (_^j >* _ rr i>wJl 

l_b i^/IJlLcI jiS'l ^^j-.'Cj /^Oj i. CU^s jy*^ ^JLaj Jyv j»_^l Jl 

• " *■ * 

Jjj-=-lj t(Bohm) /*jjj (.jjL^Ll.^ /j-^ J5 ^y^j ^1—-' J jL? ^1 
fJUJl jju N tJ Uaxi>-Lj .li^l LCJ15LJ ju*LJI JU^^/I ^..J:U 
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J-Uj <J*Aj-j .^jljul jt-Ldl C>lj3 l)j-m2-P .J l5j-^ iJ-S"j-°J L>wi>lj 

*_i*>li- AJi>_J)u_ aJL^p jUj ^^j ji ^^JLsJI Jb>=LJ! ».Sc..^ N ol_yu3l 

.4JL JiSl aJLft 
jv-Lol ^1 4^»jjlj iaJLaxJ! 4_li>w-4 '^p i_jIjj>JI ry f-Jj>- tli| 
^p f-jJl ^ c_iik>o V t _ 5 ^-UJ! A-liJli .t>ja\j ^s- ^ jA t(3^L«Jl 

oNL>- ^ ^-jjj-H ^-« Ij-jiS' _ r ~. j! <_j:>Lp ^^J-p Jl>^^ aJJJJ 4_>jj 

4J\ Lii^M oILJ^ cJliJl J-~- Jlpj .^Sfl *j^Jl Jljp-Vl 
a^jIjJI <t^L>JI /y> _<iJ_joI J^>d<JI iJ juw> (v-*-;^l j ^-a..,.J j'j>^_ L»Jl^- 

=* ^ * «■ 

1_Ua*J *4*4j ^jXM y&ljiaJl JS\ { Jl& <.hj*z>- ajjvajj tljjS^j jl [164] 

?-l jj .IjljJ&j ,eJL>_b»Jl CJ*>\-S\JLx>Jl L>d> 1*-£j /(-il!! . (-So <Lpj^j>*^di 
.JSM JS\ LvIS afrli^Ji oJufc jyC fjldl ^y i^-Jl eLsJl {jA i£j>-\ 
4_w*_L«JI o'j-S-eJLo-Jl 4j }-*J t*_5LX_i j-A ^J>-ljjJl aJ_A ^<2_*_jj 

4_jJL_a (_^L^ jNl J^>^i - iJLjl 4-*^ iJjjJl i-illj jiCj jvJj .4^J^Jl 

JwajJl L^-s Oj£-t i£j^~\ ^4^4-° ol-X>wJ ^j^rj j t ciui «^ij .a^w-J 

^ /jj^i-Ml cL^pVI ^1 <J J -/i > >■ a j j ...^ ,i tl_f^-j-a ^-Jl-wJI ci^j-iil 
JjxJL; iiilj^JL ULiJLaI Jil Jj^i Ji Ail J^o ^v-PjJlj tpJUjJI <d^P 
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k 



/y> f- ^L wj~b i<-J' 4lS»JL«jl .Jl P-^*dJ ""-J--^- ,<->.. i>u (ji J-^ iMj 

«-oJL>coJ1 j yf- ^»_L«JI Jj>*JLoJI Jj-P- J' j-A 4^»-&l 4j' J-* L°J ,4Jvo«^> 
jjli 4JU J-ib<j C-)*>l5wJLa ^J-P <tALJL;| ^fT^j jlj iyii\ /»Jl>JJ T'-^^-L 

J^ ^L-JLi .If^Lo-i i>JU ^L— I ^Jl bLi— 1 L^JU ^ 

o\j.sNl jLj^-I jj.i -j^j t. L>J-° tA*- i Jl la v." LgJ*y o'ASCJL^Jl J^>h 

(. U<2jJ <lo-UI oJl& /yo liLlJLiJl jjj .Lg_L>J U^J-f- Jj-.,fg-><Jl o^H <_y^ 
.L^j'Ajli c^_Ju jV-s-pLojl?-^! *UJu«JI -^ J_iJuJlj i» : , LaJl *-L»_le- ^ 

ojji i >L_^I jl ^ , ./>*. *JI j^ — »jjI jLil ' LLo _ 4^i>o 4_LSww»J jt_Ajl_%x3-i 

: — SI is- »^~i o"}o>-L<JI ,|->«J' jl fryJI /*-*J-V. ' '-^ t ip j^-^t- 3 
[165] ^_^i i_^U^ pJiUu _ rr sVl ^^Jl ^ JI^J^'I jL'I jl 

c JL^j^JI ^ii .iijj Jul <uiJLo 4-*-^-b <_c*j t l _r~f*-'' Ly*-*-*^ J^i^JL) 

t X& AJjjCo Cj J **jLo_4jl iw-wo^So ce-oVlj c 4 ; l?. k-^lll jjJjjJlj 

t i^ljjJl i^^5j . JjIjV! ^JLaJI i-^uWjj t^^Nl t |_ r JLLsJl J 1*^1 

^i 4_wJa_P 4_w»_&l <d 4_w^ljjJl i__l^Jl w_)ilj .(^jJLt jj^ VI L4J 

si_a ^ ^^x^- ijj-SsJj .'L-f-LkJjs-Vl cjJl>JIj <, a-LvwwLaJ|j t^jjLJl 
^ Ajjlj-a O'lf-lji j>JJ^-J iJiCJl ^yj iJlwUj^l o^LJl jLi tJj^Jl 
jji «i~5L— ^VSJl >JjLJjj^Jl» /yo Oj-S^j I g ■ a « ; tiJw?Vl j^l..,^.<Jl 
(Jj—jjLo_<JI Lg-JLS-j _^»L«_a <^ji>«-; j^jL^i j-=*- j'- I ^ '.^ •» ;j t Li>>JI 
sJjfc. ^« J^>-lj (_^l ^yi 1 JUaJl jl j_a Jw?L>Jlj .^^ajtJI < j yta *-J 
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"^j A^ilwJ Njl>- tiajb ijj^ajj i<lolo! J-^v— 4Jl di!i ^ (*-**^J 

> ^ ■ ■ ■ a '■ * i,|j > ^ - | d * 

ejj ./? i A^ljjJl »_^S0l -U- i_JLkll J^jJUj iJjJb-Jl a-L* ^jis -Ji^l 
<0u^ ^o AjuI^JI jl 4iiliil i Ji ^ t^Udl 4i>o I-Lj jl ^J V""cO 

u-J^JaJl ^ ^J^>- -_-Lkj *y 4-^le- *-^> ^ 5 -*^~° ^^Jfcj -/^j-^ 1 " -^-*-i 

Oo o ,~i-^» 1—-JO ijjj '*-*i>5j L?ljjl ji 4X<»5ji cJ\f-\ jS jj.5.b>tj (V-U' 
.jlj-oJI ^J-Sl ^ o|Ji_>JL>iJI klLlj LLa j Jj ./? >t-;j lAj>-lj 9yJiyA 
j-Sj ,e.lj->-j_«Jl ( ^wgj ./7 ". W <~>\ ■ " ■ g " '1 L< ,*-jLLj jl i_a (5-5 J Lo-UJJ 

Jj>JLjj t4_^ljj_!l <, "S JjUJL^J i,»Jl*Jl "^y j-° a^-i-Vl Ls-I^Jl 

^ iw-ijj fLJUJ! j^j JJi ^ij IJUaj .f-_L^Jl ^^^Idl c-O^b i*Jai/» 

AS Jjhj I liU_U .<uSC«-o .^^tjUju.}!^ n-^Jii LgJJl>t>- Jjl <UliJI j^J 

15 jj5o L_u^ t (Schrodinger) jjJjj^i j\ l ^\^Lu\ j) t ^bljU 

t<_3^lj t Lvisl ajj-Aj U<i>jLa JloJ^I cjjfc -yfi- <£ yus 'j f~Cs>^ Lo 

t<*Jl Ja^% jl M| 'i-x-s-J ^ *^-<Jl j|i ti-j^Jl ^ Ja^jJl lJ_a Lg_J] 
i^jjJl oJufc j] k x_JaJLj .0j--5 iJLo li 1 Wo; jlS tA^sU- ajj^djj [166] 
(_g ^>-l A-OjJ ^1 ,'^a r*^' J_J-^-> <-!l , L»-^>t_oJ! '^-«J t a J_«L>-j 4jl*-Jp 

-JLJl jl j~i- . Lj ^SjijJj s )l\ Oj_»*>Ul ^ yj>- La tbj^j^-j lL.,/» 
L>Jj t^jjJl ( _ r ^L«Jl J-4-«-U *>b>LS' !j-;-^j>tJ Ij-i-^^ Jj-^-d Loj^J 
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•_a <U_^_a oLojl JlJjj (_jl _ LAjI J»-l A*-*-! \j~>- y^y^ *J\? t cLLb 

fc ^ s» s* # 

^-^JUO jj-ajJl 4-LjJaJI OLaj^l jl «_aj .*>Ulo_a IJL->- bl„U<! L^J 
^»1*JI <, Jj-Xlll (j—J-S lbj*> As I ^iJ-JrJ <L~"jL»-a Jj_vap- ^ La-j'u 

«_J*j-a ,^i_OI _j 4_»_aj jL-oj , fr W i L»J_LC- i /w>U J .oJ_>.Ajf- 4_>jLL» 
_ Ai>jlj wL^_*JI clo-l^- j\ /v-Jl j~*w? L'L^j| Jj-^-i La <oLp _ JuJj>- 
L^^il blj .V| jj^J ijiJl *_ ~wai .ij^->Jl ^ 4^-^Jl 2jL«iJl jU 
j_Lflj J^Jtla *_a lail Cj> Jjjnj (_£.iyt!l ij^>^>JI jU l (_£ -~Ju ,U>- ^J^-J 
jj-b j iSoj .4jL>rJI IwJlLlXj Lo-L^- j^Joiljj J| rv-^i- 1 ' r} /r* !JJ■>«- , Jl 
\j^i%ji Ju>si^a_L) «JwO<j J>j_o->iJI jJJ.} r^J- 1 La_U_£- ,ti^L>- LxIj uijlj^s 
.<><L->r ,/?ll ,JJj JaJl /fp >_j -><Jl Ji La \LJm jl i Xs- LuL1u>- 

4_lL*i obi J-& i4_oL*Jl <cJL>- Jj t^-^JuJl J_>JL»JI jU tIJJ 



dLLi J_?- ij>^jJ Oj-^-j ul Ju ^ idJJi ^yJL* »-ib;jj .4JL»J«_oIj_j 
(.jI-AjLJI dlb 4jJj jlj .dlb J ULSLl* -J^rje ^j Ujl«j o*>L>Ljl«JI 
i/»jJL«JI J aJuJI 4l£jLj (j-^jj-ll J^l e-jj>Jl JLp Lji \t-jj? JiL 
■y> AAiiil j^ JLvJJj t*J| J i>txJ liUJJ .Jaii L^>«j U jjk iJukj 
jil^jl jj5o jl LAil aJl^JI Jp : —~>h bLJ .(_^^UJl ^J- JjJI JM>- 
^~i5JI «uJ ji JjiJ tiJlill sj--JJj ^'4^<Jb«Jl cjljjiU ?w>lj-!lj .ULtJl 

4.J-P j iSj jl VjSw*j j>-\ ^is** <S ry& <Jlj->-J' /i- "U>JL«J /-S^»_i L«_o 
. "_)iWaX«JI JjJ^>w->A«JI _U- Jl JS ,./?'« i gT'V C-'ljaiJli .La OJJJ *J>tJo 
Asl f^j Lftjl ,,^7>l 4^^Jj 0\ a ..„/?.".'wajl if- i^>x^jj| (J i5j jl ZjSs-ttJ J-^* 

4 Lk>- l5 1p l_aJLS' LajsI^I jL> »Jlv^JI ahjui dl& Jji j} Va-UJI y 
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d)l ,\_* I^jJ L xJ jbu_» f—J>j ^ji *-*j L»JlaJ AiVl ( _ 5 -L p <*-kri 4^^jJL 
.L^-jjj ^^^Lj /vjJ-iil «jjLJI 0j^~^ j_—JLiL_w<JI -_aJl>jlo *Ljz£-\ 
LjJLpj c Jlta ij-yi>^ CjL^SJ L ,/?fl:lL jJLp ^.sb-Jl J ,/sall t_ a yaj j [167] 

jj t t JL>tIj 4->li LLiLx ,^J«-;.}Ij-j .j-tt-Le- JLst^Lo ^flijj Lo_lLPj .LjL/»j 

^i t ^>.jL~<Jl «_a Jw2_>*j L»_« jiS"! c^jjx^Jl <L«UaJ iL&I^Jl 4_!L>Jl 

(Orwell) JjjjjI AjIjj ^ iJa^jJl ^L^a^Jjl Jlx> <dto t^w>U ( _ f U-P 
.i^UJl olkUl JJ ^ £,jUJl ib* SiU! L>^> jj* d984 ^U 

^j-SJj tLrfijI i ^l£L« L^-Sj tjjL~i- <u_^_LxJl oIjjJjI jffii .LJ-S' 



i LpI ^ ^iL'ij iL^j^Jjt. ^jJI Lai Ml i*j^j>dl ^* »ji«Jl j^ .,,^.11 jjjL> jjJJI i_j}Ua!l 

.i^jli-l AjUJJa-A<w LjJi LJLc- Oj-li^ ~_§Ju«JL- ijjt^j iiLji tSiss-Pi^aJI i>j->- jl 
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tCjIjajJI ^ t^y>*}\ * ', ./■?■" ij-ill jl a^io /) * JiSj 4JLJ t ciJJ.} J, */>, ■>■ 
AiaJL^vJij 'uLuol 4jk~J? _w«Jaj J lij ULj aJjsL?- C~~~J <(J>-w? a-L&j 

CjN^Ls^JI ^ J~A*i)l ^ ;ij^_<Jl _^P 4 lal ...11 4^?1>cjj (. L&Jb-j 

JJ*j jl Sj£-o->_ ^ViL>=-<Jl J.LL7 J_v#L>- jli t ol^Juol^Jl Jj->- 

( _Lc- i_ijj^j 4jli jvJLJl *j>-J (1)1 .S^oJLP ajjJ jj^o /J <uXJ tojjj 
~tfL>- S-jj pLapI Ju ^ oLo-i-ol^JI Vpj jLli- >l A \a \ . .■ OjSJ jl 

^jXJ JU>JuJl lID.} 4W? J S^J*~ 0j5\J jl *w~^J *— 4^ L^l .JL^JLaJI /j_4 

£-j_^JL<Jl < Ap <u~>w2Jl 4JLJNI «Ua.JaJl L^Lc- Jjci _^jj >*— L«Jl L>o 

[168] L^Jjjj^ ^ jl5 LisUj o*>t>w Ljjlp dlLj sjL^»- J5o .^j^-UJl 

La LLo ajjJaJL^ jVui j-Sj c ^wuLw~o pLlajj t /H^J ' /i J ' 1~>-jJj^Sj 

LjwJL^JI (jLij-Jl -i"!>Lj /^a ojJL>tJl i jS\ oIjLaj^JI .\-SCJj .UjjJ 
^yi* MU^il >»jJL*Jl _pSl ^i jli" Lwi y^l L^j_^>- ^ jLS" L*Jl>-j 

Mj <■ jj-l jl£-» ^1 *-PJLi »Jj .i^-J-Vl OOJ^I jjjjJl ^ Ljjjl 

t^JLxJI -r-LtJNl 7?y>- W~* ls"^ 4-v^ls-J) oIjl>c^*J1 Jul jL»j J->-j 

.jjjiJ! ^ilil ^Jj tljjjl ^j^. 

LgJI «_^lj ?c4-L»JL»Jl o-LgJ ijj-*jj>tJl -2JLa>«-SI ^^A L*i 

oLo_w<^«jJI Ml j-£-^> ^ ^^ a - ; *> ^ °-' L * <_A? •>- wU j' L-j-i «—■ U*-"' 

i 4_>j_v2-*JI J»J -Ji jJ JlJlP J»>J jl (V s Ju }( t«_fiJi *J*J .6jJl>J1 

Jj»o Ljjw« jjiC jl *_->>sj iJlL<Jl Jtr- - t^ tJUJli .dJJS J^a^- 

jl /fiN-o-J 0*^JajU <LaLaJJfcl jl /»-aj . *L» ■ ■ la H iJ jLw (jJuCj Cj^£~1j> 

l^-As- JJc-1j ( _ ? xJl o!>l^L<Jl jli 4«_--lj (3LSa-i li UL«jlaI j_»5Cj 
^Jl JjJL>JI jl jjfc i^j-ftl ^Mlj .iJLstfiJ o*>\iLL> j_4^J jl t— >=j 
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4 j jS^J jl k_ -_>tj Jul t 4 ■ ,,,-?->i_Ji <JjJl>- -ij-^" jj3\j jl *— *>cj <Lw3jJ 

.jvJLxJj j_~X^_»Jl t\ JkJl /w« <_4Jj^Jlj l_L^- !JuJl>ij iJj>t^Jl Jl>wJl 

«j^> ^y* tJuo c^SsJ J jJl t^-JUJl SL>Jl jlc-I^ <_£_^l l$^~\ jIj 
jjj-jJI j3 «_^iljJi oLix^oo ^_^«_JLJI ^Jl j\ a}jJj\ ^Lojj ^Jl *jj>dJ! 

aJ jl^S^/l IJ-ft tijLj^J! oljU*JNl ^y -*~=-j J-- 2 ^ ^jj- 1 -; <-!j^L? 

( 3 /—SjLLo^j tit -SIS' C 4_pj_4->=-»JI frl ,/g pli .;_£,i-l A- J wa- ^» ?*-JU_> 

jjj_w»-jjl JjJjL>JI i g >1 i_A^ i' fr^l r^-J' *— -^ c Sj-wsdlj t_^jjJcjl 

^jIajj -ij->-jj ,^L~xll sLjtJ j»_idJ IJ^-£ ■j-"^*'' <_<^ fr-^^j"^ ctLLJl 
dUi (_PjJ jl -b N c-LlxJU- .^^Jbvll jU>J^J1 Lgj (J-Uj i-s<2iU^> 

./»_jl*JI ^3 (_jJu^? Jj?-j <UI_Xa| J i>- Jlj^A. 5- Js> J J /♦-J-wIil 
iSy_JL<Jl ^^1 yaixJl ^jJlp 4JUjlJL<JI a^JwaJi 4_>*J!>Ul oJla j[ 

^JUl ^jjJJ Jj> S^UJI o^- ^JUI J*UJl yt vlUii .dlU5 j^SJ [169] 

L^jLi C4J>J^J| y>_*0 ^y> j«-PjJLj 4j| Sii?-}Ljl jwL>J 4J| j-J> . <uLp 

OjS j* f±J^. <-r_r^ i*«J^Jl jl cdUi ^J! isLi>)/L tjL>-Mj 

ipj-o^s^JI 4_)L>tJL^j/ flj^i? 4_^?L>- «_a*^> C(_^iL«j| (t-LxJl L*j_Lv2-^ 

(_$jj jl ^ L^J jj *y P^J' 'J-* J- ipj-a->^ jl bJi^N jl U J-— 

jj& iilji)ll jl Ja*-'iL> jl LuSj»j jMlj .*JJu 4jll«_; -JijjIjJl j^JtJ 

( j-a 4_!L*_s Ebl j-^Juol Jj>ti^Jl j| .<u»_£_« ?-lj-i /r^j t^Jli ^ ir^'y 

» — « 
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=5 

s ! j t4Jji>^Jl SiSLlJl ^* ( _ r <J-«Jl jl^J^I o*^ '-^J o*^j 

_9 iJULjI i— jLi ?^JJJLwo _ r iaJ 4-g-^J <s~y^ 4-pLxSj /j^-w pLo_LxJ! \_« 
jl Ifl Jb M l^jli Aj».^.lgi|j .I4JL3- JL-~* ( _ 5 JI O^VSLt^JI ^ya JbJjJI 

jJlJ ii_jL~JI oljL^jVl <_)-*->- Jhj-W J-& ^ '• ^ o-il j-^l j_«jlj 

Ls <U jJ /jjX^i^ -^ jjj iS^^o dL»_L*j| jli t Jj Jj>- ?tj y -»j(jil -j 
^^ ;JjSll J=^JI .L^»S/I J5 U-frJ (>>^ J-i>^ I^jLL^L jl 
AJjyKAj ajjL Jiw Jj>- i.?^ Ij^ J-*-ri <-^ -^-^Jl ?t->ij^jl ,JIp 
e_~?xj t,Jlijl Ja^JLilj .^ji-l iJLjJaj LgJo- Z^Ss^kj Vj t <uIp ojj^2j 
^r^ *_r^ <_y^ <*J^L>~JL; .Xpj ( _ 5 Lp j_$ j ko jl -bJL>Jl .^Jtol^Jl ^^Lp 
^JuJl ^1 oi-si-l ^1 o*>VSLlJ1 Jj» ^^U ioiLJl SjJlaJI y» L^J 
^a i>-L>- c.-.-~J L^jIJJ SJj>Jli .<d iJLLJl oL^-plj-Jl Jt>L>- {y> 

jl ^ i^uJij .(ij-s-1 ~*j-~> fj^i <Jj-^>- <_ji ^ \-^S fj-L*Jl 

aj^LJI ^Ij^VI jiS'l ■jA j^S jIjJLoj oIp Jii>iJ s_bJi>jl oUJoil «Jl 
15 ^Ip t U^Ua} jy^i N jl tjj^rJ UJi LgJ\ *_<i i^^LJl jUxJ^U 

<J a-L>cJ tub ajj ,,1^ >J ? c o J ^*J t4_AjL^JI Ol_*_*-J.i' ,-Jl Oij-J-S 

o^d-Jl Jj- ^^Ip 5jJul!l jl ( _ 5 1aj N jlJLlJl IJLg-. dj-l)lj 
jSj ,pju}\jd\ jLsJ*-^ 7^J>\j}\ ^uL^Vl j^a jl Jur»-jJi jj^Lo'i/l j_a 
.f-jjl clU^ jw« jL^-° -^j^j f-^-p 7~ j~*i ""•^'Xf' Ltw^l Lii?- i/ jl (_£-—» 

[170] 4^5w Jill i*X>t<Jl CjLkj^oJJ j^L^<J\ j-«-Jl j^U QplWtMil (J U 
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OL£j_«->5_«JL> d7 \1 ./■»"! ,_ a » ,,r?"j ( 4 -.'•> ./»•>." j|jJL> -AjJJJ I Jj>«JL<jJJ 

^jj <• JiNl lJ J-pj ••i'j-^L; jlj-o-^-x tU^J^ i^LoyiJI oMi^JuJJ 
ij^-jJ i?-U- *Ai .SL>J1 JlJ ^Jlp pjj^^Jl 1-La Jlo #b U ^^JuJl 

iUic-V jJUa-^ Mj Ji>-^ (%-i AjU dU a,./f\\ liJUu ^jj ^^-J -Oj^j 

J-A^ Nl L. J^rjJ N 1 _ f «-UJl J^JJ i^iL^JI JlpI^JI ol (JUJI 
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la olf-j^>i*tJI LS i_JJ^- 41^-oJU — ~jJI AoJtJl ^J^i l"-^ CjIj »i!l 
Oils' iijb-wJI oi-Ss ^ A3j^3j^jl AjjjWtH iJL«jJI OJj .sJb-lj ^lj- 

<LSL*jl<JI L^_L>-lj-a j-w*j^ 4_JL»_p- j_^I - 4_Jlju oL*J jw» jj,Wj «_Ju_p 

L^ jl l^ L*^o fr ( _5 j -*' J j^ .o»^;WU /» gall fj~J>jj A^liJI ju I ix> 

[171] s^Aill oJla jl i tiLi yj .f- i _f£> ij,\ j>u jyH ^-L*^ If^*^; JllL-* 

^Jl jliXJ (1)1 U-^- Iojju LiM dili -iJijrS *\j* -^ LiU Cw Ji 

^^JlC-J (. jZSVi jlS\ *~>j^AJ (_£Jl]| J_js-jJ1 J-JjJLaJl AjI .^JlP jt-LJl 

.laJuls 4_*_JaJI <Cjw?J cJ-L* /-a I fljJjl 

LA£«l ^1 ?*_JA«JI Ijla Jia ^Jl S>-1»- y, 1JL* Jjfc t^j 

V jj.la.Tll oL>cJ W .,f->o-i c-lj-»*JI .J-C- 4^-L>cjj j»JjoI ij^-J 7- jJ^j jl 

_IpL~_> iiLJb- J^j •y/i' oij (_$l ^i J->JL<JJ i-Jjji^JI aJU>JI 
^ * * ? * « t 

jlj 1 4jt :; JaJJ li^Ls^j Lpj~^>j-4j t^lSj IJL?-lj U-jJi 4^J jl> Lj-ol 

^JJl^JI oJi ^ U <ujjij ^5-to jjs. ( _ r Ju«Jl jL>J>"y\i ^*>LJl ^Ldil 
Lo-a jjJajJl fj-gjj-* Jj-J i_ <LS ^J^^ jl LJlSCoL jLS \'z\j *\ j~>S\ 

/-« bj-P jli I (_S -AJ jl ^i l ~P jj La j_>kj jjjajj' Aj_£jUk_> jjA) 

^a U jlSCa ^j .aJu>jJI (^j^-o (_yi Jjjj -^ <uLlJL<Jl o*>lS\JLoJl 
.Jli<Jl J-—" c _ s lc- tfrljiL-Nl 4JSCJL0 *JLi jl Ju N i&buJ! aJU 

^yip iJ^uJI ttJLJI L./?.a7 i_£U ^ju^I jl »_,W:,.4 *y oJj U 
JiU jL Alij-t>L<JI jlc-L-j i ^5C!j .^j^LJl »JULlJ ^JLjlJI a^laJl aJL* 
.jys Li l_JjJJI ty>=J\ Jj=-\j /ys Ij^>- i^. j^i La ^y^LJl j,_jkLL«J! 

OJlS itaLoJU i-wJjJl A^i»Jl j"y ^U- JSC^j JlpL-J ila^-^UJl aJiaj 
iJa^ljj jjWtII i ^j-^J jrijj'^ j-~^ UJu*i .^JUJl *>VS ^j L^~uij 
j.* ^.j^SJl ^j! L. ji5l Jli 4 1859 fU ^ ^...,-WJl ^U^Ml 

jLjMj /^SCa^JI jJjJl 0j>3 Mj p|jJ^(l ^Ju E^^XS jjSsj J /^X^JI 

jjiaj oJi ^ Uj tjjiaj' .Sj^-J <_^| jy^-i (_S-XJl JJjJli .S^yiJl ^ 
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(V J^*- t5^; ^y-ijjl^l i«_~aJ-<J| c^4>-lj ( _ 5 Jl oLjjw2-)I (*-li^l (j^o 

IJjLoN ^Jjlj",^ -<jJJjl.S <dj-^J O^JulJ ^l!l ijjyt^jl jjJ*JI i^Lj^Ja^ 

4jL«*>\ij t (Spencer) j^j-^j <. (Chambers) j^LUj t (Lamarck) 
«S^i» d\j .isJu^~<3 4_Ju_p jjJaxJt Oj-JLpI Jl* - 0L<JNl 4-» j.. \i W 
LgJL /jJaj 015 ( j r Z_ r ^>\j^Ji\ iJlj^j^Jl oL>Jlj 4.JLJI »L>«J1j 01~jNI 

aJUjJI J5J 4_$->-j-Jl iyii\j oU^JNI oyj ik^JI jl S^JxiJl JiL"j [172] 

^JUJI j>Jl j.* ^jJl JJUi *UJl jlS /^i£Jl Jl ^jJLj 

(jJJjl^ oU-^lia ^o ^yj ii-L~l^l JiVlj V>-*1 j£H\ o^SXiJl jjfc 

^Ij L^j-J»j JS\j UU;} jiS"! ajj^ap oLuLSli ooliltj ( y rHJ Jc}\ 
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(Vj*- A^-" ^-yz^T-t- Ijj^Aj L^_i_5sJ (J Jj| t-Lvi^ > yi jl t^ 3 *" ^ ••°"^" > ^ 

jij jS ^^LJI J lfr».„o../9* jl5 ^1 f-Uip^l J - oJuj jLj^M 
.uijut. M j_>«j (j^Jj ^_jIjj cj'blju /yj f-LkiJl tAj o-»Jl-4j <Juo_p 

LLnJI olilj;^!! <ut*j jL, «JjiH ?^~> jl "U5^oj «-IaJ! ,Uj-l ,y 4j wi-dl 

^iJ^>e^> (_iJjfc ljLp J j»jLidlj j^jjlj jjJaJl ( _ 5 Xaj jl /^-oj lil»i 
LgJL t oL>iJ t -uLJ! jwo j_x5J oL>»J_Ia-/2-<aJl oJiA <J-^-" OJL> JJLJ 

» 
C LflxJ j .<_JjJL*_<JI (C,SjCj -Lj«j Jb>- Jj iJj^— j lfJO.5 (ji^oj -Uo-Udl 

jjj .Lj ,jJj aLoLJ aUU^ t ^liiol La-dJl \Jla c<Lf-j-ji>j^ Jl a^J 
JjJl ^.jLwJ iJLj? t— JN t _ i _oJL»«Jl JoJUJl J-^-s pljjJi (3iji» ^ 

J ./? fl'.aJl taJufc e-LSijMl iJ^LJU-P aJL~LJ 4-«i yaJl i?x-lJlj . J.,.a.:,,>oJl 
olj-iil <i£-_^>c-« ^fc t j_£.iL*j1 C^>t^JI CjI^JJJj ^fij*~Jl /-P I g /^ » ■ 

oj~oJ Jij .oJt^Jl <u«Jjdl 4ijj«^J! Lft^pjj ^Jl ^xjjJl i^LSol oli 
otiJ)M ^ S^Ljj dLU jjJa-dl 4-J_*-^ ^ a_JL*jl<JI J^lj^Jl 

J ii^> LJjLo iCJi> Ji '-^'r! < Sr-* - *-^ bj>^ -Jij .^ygl ./??>• jMj 
[173] *yrj Cr° ^Nl Jji ,jy> i JUJI Uil^M Uij .yrjJ^Jl jjkJl 

V j^i! Sfct* Ly j J Ji ^>ji j^i^ 

jl i—^tj liU .ijJaJl iJL*jJl t-UtJ <—^-jl t_$ JlJ! i : .>Jl jp J\_^Jl 
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^1 Jj_vSjJl L5 -Lc- oj^Li Oj-SCi jl i^JuJl oIjl*JL»JI ^^Lc- liLJj 

j&j J/Vl Jlj-Jl *LJ^-l ^JL-Sll dLL" ^ ^Ur^l c*L" SJ^Ij 
OJlS Liiu <;_^rl ^jj Ap-j^Ja»o ib^i^l Jjaj t^^i-l jJii if>-j ^ 
tw~>tj (_^Jul jjii a_^-j ^X*j\ JLsoJI (j-J-^ .4JjU^-ajl oJL» 4jI-1j --Up 

<*.->=-> A^> Uj>- ^j^JuJl jl>JLJI jj5o (_$JL!l dUJli ,L^>\J>- Oj£j jl 
liU (_$! - a15wJI dUj jl ^ . j_^J jl <w~>*j U iijjw ^Jl LIjJI 

«iljj| ^AXSyd jLj^M ^j^*i L5^ (JL*Jl 0J>m3 4^Lp jjSj (jl *~-*>=J 

Lp} t^j^5sjJl (Ji*i .aJLL<JI oJ_a J-o-c- (j- ^— -^.-1 °jj '/> 1 1 oJ-* (jl 
^1 ?-b>^ N l-f^j •<— '!>>■ *^j cJlj Uj c<u~ij |JL*Jl >»Jii i«jji 
j *5o jLft .Jl> (»-L«-!l j-»-> /«-« (JiljXa «u^JaJu /» j-faA* t£^ •^ Jb t ~ J ^j s r 
oJLa jl Ujj .La L^Lp-j-i ^yiSl (vl^-U LjjJaxJl Sjla: II *-o Uilj^a 

7t>-^>- iJLgi 4<U*Jl*J| sL>JLJ iiijJl oJL*LL«JI *^) L<3jI AAJljl* OjlaJl 
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1969 _ 2Luib* 



dilij l^^Ja ^1 JjL^oJI ^y> ^JjJ (_yO-^ ^jl Oj^Jl «>i* J^-^J 
(^^Jaj <gj>-j ^^J (vJJ • ( e*^'/l jW^UtJI i _Ju*&j iUJl 4jUxI**I j^Lij 

^j . t->LlSUJ oJl>Jl>- 5->c_~jJ ^L^l ci_JUa^JI <L>LfJ ^ t^ 



lJ jujL*0J (jJL>">L> J_>-l ^ 7-\jZi\ (J-C- *l^-> Sy JjV ijJ.U-1 »-L» O.U4 -UJ (1) 

^ LgJU-o)! yS^a LmU- ^ iL—VI (Shigeru Nakayama) L.LLS'L; jj^-^ j>^->-!l 

•L<Jk c-UaJ-l ^ oljjdl O^j tia.li'.J i>L5 SjU-I i«_kH oJU ^J JjU-l 1 (2) 

j_}J ■ a-saJ j^Jj-iiJI ,j~jL* (_£JU-lj ,4J ./? a; » tLkj-1 U( : < ( j~j_ r ii J.I iiU^NL; S-LU 

.t__>h£L)l IJu ^96-90 ^ i jJLp ^yliJI jyiJI lSCjliw> j_^kj ,_ji cS^U-' : lA*^ l — '^ 
.^1331 IJU y 169 - 168 ^ toUjSlI Jl iU^VL L> ^i y-Vl tk-Uj 
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dJJjj t oUJujIjJI j^ £*->*^i L>-Up OJu>tj L» ^i jiaJL- tciUS 

4_*ulSw*j .«JjJj>tj (J~« (e-»-*-^ Ju>d» frUApl iJjJ— x ^<as*£ Jjj J? ^P 

<_£-*-£■ JJj ^>cJ la ./? ^ ll <jL? 4(_£ji-l 4-§->- (V'J •(y'jiij Jj>tJL<i itU<ic-l 
A^>s_a ,U»*-J jl l4_LLa| j! oL«J«_olj_ : _S' 4l^_iJij La lil 4 jJuLJ (Jul 



[175] 



Thomas S. : U*j tj, ij^jl*- jJLia ^ lS_t=^ ^b^i <J-* ?>*j-" u^-^ ^) 
Kuhn: «Reflection on my Critics,» Paper Presented at: Criticism and the Growth of 
Knowledge, Edited by Imre Lakatos and Alan Musgrave, Its Proceedings; v. 4 
(Cambridge, MA: Cambridge University Press, 1970), and «Second Thoughts on 
Paradigms,» Paper presented at: The Structure of Scientific Theories, Edited with a 
Critical Introd. by Frederick Suppe (Urbana, 111: University of Illinois Press, 
[1974]). 

Margaret Masterman, : ^JaJl i oU-i-ol_ r JJ <JjSM u^j*^ -^ ci* 9-^=fS (4) 
«The Nature of a Paradigm,» Paper presented at: Criticism and the Growth of 
Knowledge, and Dudley Shapere, «The Structure of Scientific Revolutions,» 
Philosophical Review (Ithaca, NY), vol. 73, no. 3 (July 1964), pp. 383-394. 
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LS ^-Ji\ .5JUI (_g^UJl *1)JI oL?^~l J>J ^LjIS" i>w>ljJl JLc-ljji]l 

[176] jJtj ( _ J j>-jJj_ r -*j--*Jl l _ g L*-oJ\ -»_wol 4_Jl> (jJJajJj c ?iJ k ./? <JLi JjV! 

AtASlLS C ■/» ./>'•>■ -Lai 3 ^j ajJLaJl L»l t olol 2 «Jj s^JLiJl 9 yj> y> 

.4JLL0I _j IJJL^a <Uvs>L oljL><J^ LftjLic-L oLj«_ol J Jl ( le- 

SyLilli .5 ^jj 4 --Sj ^^Jj^jjJl ^yi l^JJ j-l^i l_Sj-w» JoL^Jl oJl& 
^^Uj N « ( _ r -«Jb>-»j "^yli" (U-« oL>J-k-^» (1)1 S^5o (jiibJ 4 j«Jj 
LajL^pIj t L^juL^j jJI 5i j*_<JI olij^U j JLc- L^b-o I4..W" LfrJLJaj' 

tf > ^ p. 

iJLl« tij^C JjL^a iillftj .i«j>-^j Cj*>^JLa LajLx&L U-^U; JUajNl 

6 ^j ojiiil jiiJ .j-^bxi-Nl 7 /^ijj 6 |»ij i jZjAJA\ ^ L^iiLx^ 
( __ r A>tjij IXJ3 7 «Jj OjiiJi Ul .*jS>-\ ^\ *}j\ ^jjt i^^J jJaJ i^j>-j 

LiUaJl (-jL^nI! ^JjJI jISIjVI (jUaJl <_5-L< '. ynj t aJ-v^ 1 ft'-* SjjU^a 
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0-)15j i\j£~» 4_i,LJl ol> g,,/?l! (IjvJuiljJi') frJla,/?i> J^-i wtiJ 
s-LapI <ti iijLtj Lo jj» ( *_*j.il J Jli .^L^w? "jj s<g ' ijjjb 4Jj3o <-4jj-» 
i—iSLo ^Jl«JI _L>ci<JI jL JjJillj c^-SvjJI Jji i~S~^j <• j <• ic*^ ■^>^- e 

Jj«j U ^j iJbU-o <L!j Cjli i>*^- -,P «ib! i_3j^j) iJiklo aJsjIpI (_$jjb 

. <lJL JL>- oLj-xw' x ■.".. a jjti JjLoJI l-JLft jl rr^ i (<LwJiL><Jl oJ^a ^i 

i_jb5CJl IJla jl LJj^I lilj .^pj^tA ( _ r *l^ Jj>wj c-L^ip-I .iijjL* ^^a^s 
j-bj t/t-LJJ ij-bxJLoJl <LjwJl <uiib_« Ai^tJLi 0j5cl«J 1 4joL5^ Cj-L^I 
ij' L«-S ^>jJ «~j t*JI o_>t-JiJ 1 o g a Lpj_s^ o-o LL>^j>- ^-ws'l f- 4-v" *-« 

<c>tJ ^uj^AJ! i-o y>sx]l oLiidl jl JuiJ 5j5U t_Uj j-1^j *J Uo ^iSGlj 

/%_^w^ j^^ (j' 1 ^ * : '^J k J J- :: rj-' 1 W ''^ V *-^J '^i^-JI Pj-^ iy k -"-*"~ 
SJ-L^M lj_^i jj^^L^j 1 \ t ^>j[aa}\ e-LJjJl jiSl jl . ciLi }\j o^jjJaj 



Warren 0. Hagstrom, 77ie Scientific Community (New York: [Basic : jJiJI (5) 
Books], 1965), chaps, iv and v; Derek de Solla Price and D. Beaver, «Collaboration 
in an Invisible CoHege,» American Psychologist (Washington), vol. 21 (November 
1966), pp. 1011-1018; Diane Crane, «Socia! Structure in a Group of Scientists: A 
Test of the 'Invisible College' Hypothesis,» American Sociological Review (Albany, 
NY), vol. 34, no. 3 (June 1969), pp. 335-352, and N. C. Mullins: «Social Networks 
Among Biological Scientists,)) (Ph. D. Dissertation, Harvard University, 1966), and 
«The Micro-Structure of an Invisible College: The Phage Gioup,» Paper Presented 
at: Annua) Meeting of the American Sociological Association, Boston, 1968. 
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|JuJL>*j <OJl>c^0 4jj~J2S> Oli Olpj^->t-A .Jl^ 4-PJ y* AJUJL>t_^Jl ^LoJLllI 

Ijj^au iaJaJJi JjL-j jt l^*> ( _ r <j>^liL». ^li dUJJ • Jj'ill ,J-C- '^--jjjLi 
^^Jj^l »j^jLJJ i>w»lj ii'L^s jl „^xj-L /»-lil <_^*o 4 ^j' ^~*°. 
c *U>_L*JI t *_~«lj LSv-J^jj j jl a_3 .LIjLJLj /»j_^_a_o j-&j .< 'Ll^ol 

[177] •ws^ijLo-a /w« ^*J_xJl JU*<JL»Jl i-jDLj t a . ».',,. 11 oJi_A i_^wj>t_ij 

^/j-Jj <UjLw> 4_< k _Jo«Ji 4-Oj-J ljjb->-l JLS f»-Aj . L« (C-^-Lf- ,w£>La1J>-3 
JMJ-j .^ji-^l JjJL>Jl jtJs^-o ^ j|jJL« 4jj'jJ ^ jlJuL«_> L^-g-a 
.4_La Lgjli ^JjjJl lj_LJiJ-j <uli ( _^JuJl t— oNl \y/j2JJ C4_JUjdl 
SiLJI ijJLs- (j-!"-^ L ^iL r X-f > 'Vl <— O^l dJJi ^jwL^ jl ^^A taiUJlj 
AjJUJl ^ iJUAj .4j ivS>Ujl i^JuJl 4lsL> aJ J^»w> J5 jlj ;4~*l*Jl 
.<U<aal^U Jkj CjI^->-j jj 4jD S'j^i'j^iJI JjUlj ~jj|j_o CjIJ^sJUjIj 

.2:>Lp c^^^^j b> jU^ Lg_JbJj iJb (j-iLJ ^i ^j c^^i-^1 

(*-*I^J Ltt-S" —^ ... Jil bjjl ( _^Jl_»Jl -L>c^-oJ| *U<ipl (jl ^A ^>r_,.wJlj 
4_X_)ULa /j_P Aj ~i AS^Xo /)_JjJ-~w^O -<?L>t_Jil 0JJ_s*3 is^-P Oji^"i' 

fr if f. HI 

<u^_L*Jl cjIJu>w(JI aLiJl j Nj .UAjI Lj-—«~j c^ p '~* j:; "l j'j^ >* (_r"^*-^ 

(<^3 e-j-w L^lP (*-? t ^* ^° LJLt-J t *Lo«rtO jj^J CjLpj-o^t-dJI jajja^*- 

^Js- j :: ». ; Wll «-LJj«JI a^*^ J^A; i£^ ~>oz^Ji\ ja LpL_j1 La^^Ij 
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CjU-j^^^JI jU tJaii -ULii ^jJii <_£jJL^*_a ^jJlp Lai .^yjj^l <l>-j 

c j->JLt.>5JI j t j*jL il-yiJI "(V * aJLxJ <Lw_Jv-)l ^ - - g o n 4_woJ_*JI 

^ Jb>euJl Ji-ta 4jj-MajJlj ."*jLi Uj t<L)l_a t >dl *LJl£j t^j^liilj 

jjiSoJ .L^iljisl JuP |JLP La 4 Ijji ~~~uLj CjLc-j^Ot^JI «Jjk /-a A5 
t4-Jlp 4_^JLp 4->-JJ ,_«Lp Lf-J-v5j^ J^«Jl J^ f-j-aj! t^J-^V. <J' LjJwS>J 

.<U<JlxJI 0*}L>i_aJ1 (J^- Ldiiaj C 4-^-a olotoj>- ^ 1j ■/?.£- Jj->o j^j 
t^L-cL-iMl ^UPyjJl oLpj_o^>t-«JI \j L" Lygj.7 <tJuL«_a oLjJjj iiLjfcj 

/-a [V-'J •*'' ''L^-O «-LJlp j—*' L»JJJ t 4jj-^2j«j' e-L-4-Ool f-LaAf- ! , lia 

cLJudl aiLUJl ^Lj-i ^U-Lpj iJuaJ! pLvjs-Ml *L>^J f-LJic-j c ^ g •. ; i 

j-fJaj ^/j .IJlSL&j i4j_a-pLJl oNU^jNL Oj^a^kxjl dlLaJl c-LJlCj 

< ;rf" •>c-»Jl 4_Pj_a^>c_Ol j .,>?. i? i jl f-_oj! /^>_a»j * S.O <JL~u_a I — ,£>L*_a 

JiS^ J^i^Jj ?LaU l^UI Lo^j -j* j">Lp>!1 JJ ( * > rJ JLJL 

aJ^^^M AjJ-UkJI p^J j\ CjQpjia^a oljj~~a /wa f-jj \-o->J t<W>L>JI 

Jl ./jT^I olSwi ^yJl UJu jl aJLc- c-^^ JS J-Jj tj-Lxl! aJLLJI 

^j aJL^I^JL o^LixS"! ^1 dJ-L dlSi ^ la-J a^^u^l ^J>j a^^,^J( 

Lud! Ijla jl JuLpI ^Jlj . L#j A^ii^o ^1 Jlji^/I ^o L> -k>1j^l 



[178] 



L^Jlc- ^j^jjj \jj^£Ji\j ijJjjJ! (»L^>-Vl /<-^J iii- c^"*"' 'r»*^i U-*-^"J <* JC M' (®) 

Eugene Garfield, dir., T/je tfce of Citation Data in Writing the History of (6) 
Science, Irving H. Sher, Director of Research; Richard J. Torpie, Research 
Associate (Philadelphia: [n. pb.], 1964); M. M. Kessler, «Comparison of the Results 
of Bibliographic Coupling and Analytic Subject Indexing,)) American 
Documentation (Washington), vol. 16, no. 3 (1965), pp. 223-233, and Derek de Solla 
Price, «Networks of Scientific Papers,» Science, vol. 149 (July 1965), pp. 510-515. 
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CjIjLx^ /»JjL 01 J-«-*Jl 1-ifc ^^Ss^jj .JiVl Jp t*jjUI ^y> aLJl>JI 
eiUJl Oj^- Jtij -\jyS Jil LJl~>-lj ij-sAP <£•» y IaJ^j *— aJLl; -^ 
cjLpj^j*^ oJuJ t j .^ '. ; i -y \J>S s i\ L/>L>sj cilji'il ^LJlxJI *.jj jl 

.Lgl^W' ( JlP AlA^^JIj <L«Jl*JI 4i^<Jl5 i^Xl<Jl l^Jl ( JLp i iLxSvJl 

^-IjJ ,»_gi jjSl*j l j£S .aJLLJI cjUti^Jl ^i Lfis^j |JJ *JjJI ^y> 

.0 _«iL»o 

jjJaJ jL~—a ^3 oJj«j L« ^j-*-* [Jj f*-*-^' r~' /ft- 8 *-* * j-* 9 iy (J-^J j I 
j»ij cyLLH J o!>U4 AXv^jj^ ^JJl y& JliJ^I villi j .^^JUJl U^JI 
i-JJl^j c^_~JLj ( _ r xJl ^jlwLtJl ^o :>j_p -^rj ' oi>4 jl ,Lij .2 

toJj>-lj i^xjXa .J I ObP J_v2jJ 4 1 j-JLS" -ojIJLoJI .jJ-P ^2lsL-j t Lo 
^ ./» •>,•: a b o I 4-ftiJ .Of-UlS j^J I 4_<J1_L«JI 4_^ujL>_<kJl l \/> Ja^a-j l^-JJ 

1 g . \ c, »yJU ( e^ J l ^~~J*Vi Ufejl ./? pi (t-l~^| LaJu^f- N| \_^SC»_a jjio 
L_« Jjl 4^iiLOi Jj>tL-J «_viJl ^Jl JUxjMl ciUi A-d-jJi* jl 
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Jl^L^J Jii (.ajUJI dJUu ^jJl Jjw5j-Uj .Sj-s^Ui-oJI i—c-Lo-i^-^l 
jl (c_^_ V <ut jJLlp! jS/l Ulj) ^L^, V JU^I jt iJi^^UJl 

*_a j-r*-" ^-*-* • <( f | -*i ,i 'j-i' > ^-j-*^J ^ f- ^-*^' L^'J 1 g 7 a ,/? j Jti C~x£ ^^l 

^Jl jjJaJuJl j^JL*JJ ~0j~$ Cj\j^o o\j ,j~Jcj\ IJ_» (3j**oj>- JUkj Nj^ 
IgJI ( _ f U- jMl L^lJUl tJj^ c ( *Ju.sl J Jl i_jL^L> 4aJL5J U^i tl^kjj 

** * f- 

ol*b»sl<Jl ^j^i ^° ' '^^jl IJ-* ^ty^i (4^1 t 4/. <>.,<? 'I iiiLk^JL ^a^j 

oUj-^aJl» ji jJ U5" tlj(j^> tCJj^aJ JLiii .^L<Jl*JI iij^Jlj iwJljJl 
jt <-^j (.JLiJl J~~- JL* t«Sj1^JI»j t«p.L_ r 45Gl»j (.((^U^l 

JH ^j^J ^-wJ'lj^JI «JlA J^ jl ij£i jA ^yS-SJ 6jL>-| (_$JL!l JL^-jJl 

^^JU tjJLi; *y 9-j^\ dJLli ^» oLLLLo jl jJ> .t\jyJd\ jJLp JL>si« 

^^•j dJUi Jl IjljSi jLil L5 ci^U ^^^1 ^U: jl t Jl>- J5 
i^jLax^ J-J *-Lj_s^J! JjJ JL>tia -^-jj (J t*AL»i .^jjbJl -*1p ^y 

/-j-U>tl< /y> /rjlj->" T^- 4 ' 5 (V* iilJul jJ^-tJ Ajj I r~~& x-*»\Sj\ j -ill 
ijjt-JaJl 4j L»J- a J l Jj>«^oj oL-s<?ljjJl JL>«^a L»_«>j /^AiLrf /^JLvAiw^ 
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jl?-Ij JsujS- J_>t^<J «t-w»_Lc- oiLs /»_^-M j^ L°j .(a^jj^xxJI ^Uj^iJI) 

ol-IjLl O-ab t tAJLs ojL»JI AjjJaJj ejl^>JL£ tjj-;-*^! (_£j->-l -Slj-« 
J-Pj ..i -ALs (ffO-Lc- Jl>«^U <_£* <W?L>- 4Jut^» j~Aj jl jji /y ^Lji 3 

Uj&L-L-I jUsLlJ tUjk^ iiuljjillj ^pUJl Jl*JI jU i<JU~ J5 

[180] jviv^o "^ ( %Jcp1^Jl .jj-*^! jS- o^JcuJl 4jJl>wJ| f j^*JI ^h y^ *^*! 
i^yjS (_$U .^j-^jL-dl k^jAS^ja U-iJj tj^J^I dji (J (U^JLxJI o^LJI 

.4J«Vi*~oJl clJlf-j-s-^oJl jl APd^^t^JI 

Vf*i tiLjJaJl dlbj ( _ y <jLiJl jjJAlJI J-J^>=J iljLia jj5i> Ujllf-J 
L^JI 4-?-jJ -jl!! J^lj»«JI OjIS" aJLJLC- CjL jJi-^a t -0l>z3 jl J^*^>t_<jl 
a-iUJl AjjJiJ j^aJLjuJI J^j ^JlP aJJ^-J cJtLaJl J^^.-^ L ^-»^ .J-aJI 

ft * t- 

rt-gj^j iJL^ ^ *L-LJI f-U^r! i_g^j <_^ l^r^ cJJL ^L ^^-jJ 

la -* cr^ J^'jl cr'b •u^j- < >- ; -"-« o-^>-j <-i*>U»- ^^Ij^. il^o 
oLjJi: jl SI .^I^J Ua^li ^o JiCij aJI JUxpI N ^1 Nl i-J^jJi 
L^UJI UkuJl tL^JL" 1920 ^Ip j>. JiS/l ^j t^& jj SaUI 
oljjl C-J15 tdJUi ^ VJuj .^j-Jlp Ji^_» ^Sf ^j-^ 1 »-»L» j' 

/,_« c-Lvi-pt jL? tL)L^-lj ./-w^LaIJ- Nl ci>Lpj-<^>*_a /y> v^-^ iJl-«J 
./jjy?- j/l jLJL?-l jjJ. ft . lU j 4jiil>t^ CjIj^I jjjLliij A-a\zJ>sjs Cj|-L>t^i 

(_$JlSI «^vi>lj^Jl /^ pjJl dJJi cu^J S^LJl ^ 4j^j j( j-* (*-*^'j 
(31-^Nl ^J>\ i>-L>JLi .a^aj -U>t^» iljil l ^j>- <Jj^- J^Xj jl c_^>j 

(j-a Jj^l t-isA"Jl ^ ^L^iCJl aJ-PJ .J^»^uJl (U-ij L« ^jip -i-o^M 

jl j^ j^p^Li .^j^j^JL; iU<s c>li ilU- U yjj jLs- «->^LiJl jjiJl 
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e—dlj tobJl i_w Jl Ji* - Ju>i^JJ iw.L-^1 olj/Nl ^ JuJuJl 
ij-laJj 4j>«_jj aS sJ^ji <LxJl3 jU<s -ii — <_^jiJl jljjlj <• <a&\ .^'i 'I 
jl cdUi Jj .,a>- Jj«j t ( 2^-jL^-S0l jlS^L JJ» Jui iijjJJl jjJb 

tUL?-l oXioj cljjliliiJ jlj olj-i^l aJL* jj-oLol jjip ,,_gJU^ Ij-o^i 

.oljJJl ilLwo <Jj^- 

Jl« ci^r^' oljjllL Lj^a^-j L^hj L«UiaI jl£ aUjlaI jl i_jb£]| 
t /jjLxJLLm jl t /-ijjli jl t jjfj jl t jjiXj jijo 4J3 ., i j-^JI <JjSj 

.Ji ./»\\ oli olJu>^i<Jl «->*^-j ^rr^ ^^-^ C^-^l ^5* (_r^j-*-^ <_^i 
( _j^>^ r i ^jip JLc-Lwj jl <d Ju M Jbx^<Jl <L-J ?<usi>jl y^" L*-^J ojj 

^U- 5-jj ^ (_£-UP ajjiJU .s^UxjI cJjU- JLS C^ <_ib>c^ fUaJl ^ 18 ^ 

jXJ jl ^Jl r-l^*J N LgjI Ui" <.l^~5' Ij~JiJ jji^ jl ,_Jl p^*" 
*-~ *-*" J-* J-* 1 cr* ^^ -^ ^V^ -^^ (TJ^~ p-* j-*- ^UJ- 2 

Mj ^Jj-V! ^ <_$JLJi (.jJc3\ {ja Ja^jJl IJLa j^j . LsA>t-Ji {jjjJis>j 

ft. ^ 

ijUaJ ^J-p <»IU:iL oJt>tj 4-JUJl 4jLJLs <_ol ^i %J-^ ^i <_r-*^t 
.*u^i ^J| i?-UJl JuiL <bli t^^Sl^dl j;^Jl (jLkj ^ (J^l 

dili J-^—J jl <lSC«j (JjLJL iiJj aSMp ji j«j*-l j~ju iillA 
^j ticjVl cJLS" li| L» aJL^*j iUJl ^» iJtP »ii5w JlaJ . -%—g all 

** c- » f, 

UJb oljjill J.. T t Lk>JJ (j^jJu -*i L» ^L^i jlj ii^uL*Jl ^j-il 

li c- l5 Ji M ( j£S .* — jIx5oJ ^yL^Vl (_yaJl ^ i;lw» ojj^aj tJLJjS's \mS 
tjj}\ (jlk»Jl Jsj^Jl ^y* oLj^l jl a^S ^^Jlp JuJ>j (_^>t>=J V 1 -*' 

^ jiS"! jjSJ jl ^1 r-b>^ N oLoj^Li .c^ljjiJl J^^j jl <> r ^><4 
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.Sj-o->- jl La^La» aJU- (jJ»Jj ^'i 

oiLjj .JU^p! La5 j.sU dJUi l^jjJu- J-Sjj i.(JjS>-\ (J^ia-; olj_^Jl 

i^jj ijis" ilSLo i_jLp sU»-l L» ^1 ^-i! jl jMl ij! tLiUi ^Jlp 
jJjJ ,y> jjSo j! ^J\ 7r^>^ ^ cjUjVI jl j-a>j : «^IpI ^j^juJI 

*" ~ * ^ - " 

j^ L^jfcl ^iSl j\ \-J>j^- j5S\ <JL^a o^ljj iij^>_ *J ^^L^l <_ r >^J 

L1Jl>cJ L-j-fi {J fu> j^^jLlaUcuJl ftl^l Jo-I JlC-I SJ!3 .aJL^JI oJlA 

j! ^aUxpI ^ J^j>\^>, t$jVti\ ll*j t 7 JiSlI ^ (j-Lr^-J o^ 1 
Jiaxplj .i_->lxS3J i^J^I i^LJuill ^^sLaJI 4_»^<l> J-oJij « ( »Ju.5l_ r Jl» 
l_JjJL-^L (jJbCo oL-aiLj ^1 lflO^> CjiijyaJl <±Uj »1aju* jl j^l 

[182] aJ_^~j IfJljl tj^ij <.(a-*i*\j~> ^i^Ke- CL>\i (jJ>-\ tjLr-lj tj^Juiljj 

JLaJLX>s» :tcJ W ■ /? oJL) JVL<>jCLwjI 4 iJjJS (\ y>-\ <X>u ,ci«j t v^XJ J .*U*~u 



Masterman, «The Nature of a Paradigm». (7) 
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jJs U ! jJkj IJLjL« Vlj-" JL^j jl f-j^-JI <ji^«J lC~ tly i j£\ dXiu 
<L^-<JI ^JVL/?'^ ( _ 5 ~~ jJl jLiGl rj-~2 ci-JJl 4jL<a£-I i( ^ ; j ii^xJLaJl 
j->o ^l^£J ^jjL^I J^Jlj ^Aj^-Jl *-£*lSo-f ^ Lsr ^i\ f-U^-Vlj 

(j-4 4_£-j_»^>ws jl ( *_i_ol^_ ; JI 4_j| : Jlj Jl ( V f _P ^jJ^I i_jIj_^J1 

** ** ?• 

li*>li»- tJLwc^Vl IJlJ L^La ( _ r J *JlW,,/><JI jl j^ .oLJu^ljJl 
^J-L*_*«j <^ij^»j (. oL> JiJI /^ 4_&j^_>c» ^3 jl «u JaJ ,J OjSsJ^j 

ih JaJ.1 jl _^P .kiili Jia ?JW,,^J| JUjCU^I 4_tLgjJl ^ (j^-al lij. 

ijw-J? olS a^o <_^j tjvJjJl SJ ,., Li ^i (_5jl_>J| LJU-xjl^N Uij 

jjs-l Tz\\l,,na ( jji jU I <UjIa!1 4/.q ,,^'1 <Ui(jJju /w» ycJlg.,f?<JI jij^ 

UilJiftl *j-/> (_<i <-t-j£\ ^yjj .(5j5CiJl ^j^JJl iJU- i»_^>J ^ Jui; 

jlia| o!S» ( _ r jj : (l^^iUaJ jllsl olS 4Jj tf,,/? a » ~Jl la ./a, » tiJU-Jl 
t .yoLi- »UaJ ^JLfr iS^lJL<Jl /y-^jU-oJl ojL?- ^1 __ rr ij LgJV (f^-oUaJ 

jd\ *LJiS/l -Jajw jl Ji' jlj .JuJL^Jl <y> |JU_^> <-iko l$l« Jla-tj 

( _A ;,vJ<-olj^j iitAp ob jl tCjLJtjjIjj /jj> «-lj^-l jl t oL»J<-olj-; 
^ Jills' UjL^pLj t_ i!jj ^yuj t ^UaJ j\b\ Cj!i iiji^a^ C-»UjiC« 
J5 l$jl jJ U5 dJUi ^ Ju«jI (jlibJ jJ L^jl VI .U-« Jw«j<j"j Ijls-Ij 

f-ljj^l iJij^tjU ^j£Sj tiLaLi AloJli ^-v»J JwA JjU-l jJj .Jj-Ij 

Aa^Js 7x-J}y v_Sj— < ^UaJl jU»Vl oli AJja,,^ r, 11 oU^iC»J i««jjjl 

.<JL!I A^wOjJI JjSjIJ t <Lwjl) OJjJI ,J r?^J tAjL>Jl ^ojLia 

(,((<jjjj^J| oL^.^a-'-'JI 1 * 4 ^ ^ /> II oUj^L»J! ^IjJl Jl?-! ( g^_wcLv- 
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dLi <_£i jji jj-o i^Jjicu^Jl _^>L>cJI dill ^jj^'s ^j JJJS JjoI ^[j 

j! a,jj^JI oUj^sUJI ^i .(x) (y) (z) (x, y, z) Ji* JLik^. 

jLW^II oli <ij a .,f? <JU o^^Lyi Sjj^aj 4-g-Lws^ Li 4-LLiLil oUjJL<Jl 

[183] jl f = ma : ^LLo tij^>j ajj_^s> ^i ULw^l Ju>-jJ ^j .^LkJl 

: J±« cjLJXiL Sj>Lp Lf^p _,!*_> iSy>-\ oLljiU i)L»j .1 = V/R 

02 L»-<cu*i'5\J ijj-iil oLjJLJI <Lpj^>«_<JI «-L^p1 L^_JLp (j-Jaj JaLli 
*JLp Jju jl fu>j .cjL^-^'I J^J , ^pj^JLa ^ 4^J>Lj}\j iJikidl 
li">UaJl f-^-ij <l)l <uSU_> (^^Uil (J-xJi jl Uolia lj£i *JJL LAwdl 

t i»lp ijj^Sj olilj l^Jl J^o ft-LiOl Sai (jU C X^ 4j_JlS rjjLuJ ^jjJ 
f-Lvi^l (_^JJ L^uLisj j^^xl <.<U*JaJl (VJlji oUwijcJI aJjk <uJ^jj 

jjJli ej^s<» l5 Lp oj^Cj jJ ULj>-li .dJJJLS' LJLp o_~J 4-pj_«^wJl 
i. (Joule-Lenz) jjJ _ Jj-?- <l)j-5LS t JLL<JI J-^— (jr^J '^1 ^r^J 
Jlp JU>^lJ| *UuM jL5 to^UJI JjJi t .i.*:<l U^jo .H = RI 2 
oJlju j»_^_jjsLil JLij tl, R, H i-ij^^iJl 4_I_L«J Lu 4_4jL— iijj<_a 

jLjJIj tojljj>tJI iji_L~j /,-P *•,— JLi ,»_*jL->-Ij 4jaL*^^i C->L»_wo_*jJI 

.JJ j^ 'bjiys) IjJjSo fJ 'jLcdi JibJl dlLJl iojLioj c^Lj^SUl 
o^>- *jLk>j (jkj c 4JU "uJij L^jbL) j»Jl>sj aj ia Jl olwkjcJI {S**j 
tAio .-_L)JI *jlJ°^ cj*>LJl>=j ^ IjL>- ">Lvai \ g I .,^.4 ^^J-P obd! 
tj-JljJ^ LiJsj-; LJj^- oLajJj I = V/R jl f = ma ^J^J'LiJl 
.L^JLjJJ^jl^j (e^-il jj-^j-i' i_r^-*-^ ^-"Lij ^)d^ \^>j>- jL^j^j Lo^SOj 
J_li> i^ycJlj iJjJUJl U^Jji ^j ojl^xil jU tiiJJi j^jLp o^Ljj 
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c ( _JLw2jSj JJj>o jj| jA JJ^r-" ij 1 ' T^^ -^LiJl oJL&j • t V°J"^ j*- 4 
L31p ^l^aJli • l - i i^ f 1 ^ 1 j* U^ ^Uxi^ j^li fljiM j'N 

U ,_^>«-; jl? 4 JLlJI J-*^-* (_5^*^ -wUJlS o^-J tJ_^»L>Jl J.,,/»>»j 
«jLjJI» ^« \£ i^Jujjj; siLc-1 j_a (Ohm) /»jl Uj-IL5 Jj—i 4_J_laJ 

jl? UJ t jliLLJl LjbLjO ^V^'tJiiva^Jl (VJLgJ ^ji jjj t«iajLLjl"j 
4X^JUCa ,3 k_-_^vJl ajb I J-*J ' L>«-J"s-s<? Pj\ j JjLi j «5o (J I U>w»_4 

ft ft * 

^-o t(_gjJaij oljjiil Ji" jL j^sUJl CUSjJl ^ jisl ^Ij .Lia^J [184] 
^~*J /_«l llJI jl /jjULLuJ r-j J-J3 .'ULwLshJ 4wai 3ji l^J-o ^'rT («*J 

Jj^>-jj (j^Jti t J-tJJl lLU-JjI lliLS" J-Aj ?4j!i ^j-al^Jl fJ^-4-« ^1^ Jl 

' a1»Lwj ,)>-> (jotW'>5-4 '(/j^ljJI 4™^J» SjLp !jjc<^vu Lj-Up AijLL> 
jUs^l oli iiji-^JI oUySLa j^ jli ^jJ ^ »ii!i Jj«j _)JijJ 

i-JLj^iljLj-aJl >ljj»- S !/l>! jl ((i^AjJ-iLL-JI oUJo.ilj.Jl>) JlXa ^jjjl^P 

jl : Ll» c->lJiiij<^j oLoIjJ^Ij ^JJby oSjLi Jlsj . «oUJu:sIjJJ 
J5 iji jl j! ^L^-HJ ^jSCJI .Ij^bU i5^Jl aikJl ^ SjU-Jl 
^ JjUwJI f-jJl ,j-» olji J-c-Uj jJb L^*?- ISljil aSjJUJI yuljJaJl 

i_iJll ^y^LpLj .^LJl«JI JjJbdl jl tSjiJlj SiLJl LaSj^s jl t fljiJI 



M. Brown, «The : ^iaJl t SjjJLI i5iU-l oJL» ^e <-<k^-« >Ijj>-I Jj> Jj--aj>JJ (8) 
Electric Current in Early Nineteenth-Century French Physics,» Historical Studies 
in the Physical Sciences (Berkeley), vol. 1 (1969), pp. 61-103, and Morton 
Schagrin, «Resistance to Ohm's Law,» American Journal of Physics (New York), 
vol. 31, Issue 7 (1963), pp. 536-547. 
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aJL^SJI ojIjJI jLjic-I ^kw ! JiU c <u~~J ojj-sAj c^o! ,J-p | -^ > Ki 
«-«j .iJljJLp iS'jj- (J AJj-«-H s^Jt „<? Si j^jLLJI <zj\jS _SjJu- *bLij 

( __Lc- I4J JCju tcjIx! j^-*-JJ Oj^-ij 'jj*^j c^L*-? 1 -" fLr^' °>* <-' 
J'jJl ^Jl 0_>-Jl ^Jj^ 4jL>JI tiUj ^0 le-Ju t oloJyoljJl c_4-_» Jjja 

<»Jl«J ^j-^j .<L^UL_o iwijLJaj Lg-lS' oLkjyoljJJ jU t^y^-jJjkiNl 

A^jSj *_3j-uu Lo JjJ_>sj ^S J_eL~_j tiJJjjj ,4_i ~-j.-w.«.aJlj L^ajLaJI 
JbJi>tj ^S J^-L^j LgJj JjJjjIj -.SnjOI jk*jj (. <U?_>- 2 Jj*_S j 7- ->15 
4j| ^P .LgJw* o-Vj-lj AS" f»-^-4j ,-9j 4jj_L^oJi j^£- Ol^>->- jL <L*jli 

^9 ( _ s ^- dj5j^*i N ^ ^JLJl oIj-»_ujI p-U^pI j! <Ui>-*)LJl k_^J 

J_*tJ_a <__« 4-jj ya *Jl j! ^Jj J-jL~J1 ^j lUjJA JuLlj .oLdl ,__3 

olJu»cuJl ^s «— jjI U^j lilj^iNl j_^j SjU-j .jt-v«Jl 4JL Ixa <ul_»l 

( _ r »j c oL_*j.slj-Jl jl <UJ_«jJI oL»-w<i_>cJI v^ JiS" ^ <U/0 4jll^>t^JI 
[185] LaJliP j^iiJ i^»UJl 'l^w^I of Nl tolijVl J5 ^ Lg^aJoj (^^jJ 
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JJaj jl <—s*->_ <U ?-j-^*w<JI Ua>Jl jjl^L* jl^ L*-pJ tijA^Jl olj^xJI 

^ li^ iiL* jl jMl (_pllxpl ^j) .LfiLoj ^j> L^JLwcl^I (_$jL>Jl 

<jl~jNl *-J Ji\ JJi ;ljul (Jj^- 4j^jI jJ ^Jl jJ>j t^jiv^Vl ^jjsj 
J-al^j OjMl jJ>La^ ^ jiaJl C^S \j>Xj> ^^jUdlj ^ylJUl ^lo" J I 
^» ^^-J i,y&* _ I ,,h J *-i!l ^ cS^P"^ f'j-*' ^^j .(5jjJaJl jL^I 

Jl> ^ ^£Jj _ LpUlsrl L~ia JL*J| Jj£j jS/ (i>-l>- M jl) tijjj-^l 
* JJa^ *SjZ£^d\ f »_w5Jl ^ cJ^-lj "Lp-U jl -iSj^Jl ^ jl jS> 

^jU^JaJ ^ j^b>c^> JL>-j Lf; iijLL jl ^S-^i p-3"^ .U^»U- IjS'i 
jLW^M oli JijjL^UJ (_£y>-^l oU^SCJI f-ljjl ^ *_~ *jl (jUaJ ^jJlo 
US ^ jj jlj t L-J i^U iijJL JJlLcuJl ^IS^-Sli .^UiJl 
^ >-T ^Ji _^_* ^j c^-T ^Ji cuij ^ j^z yc» ^ilUi" 
JL-J^Ij iJLtL-JL. iJLLcuJl ^LS^Vl ^j .^o^ ^j^>^ 

Loi • j-?-l (Jl iji ,V> lj~^ JtH"^ ' 4j ^-* 1 ^»j ' 4-Jj-i*-»jlj t ^JLisLUJl 
_^*j t 4^>jJlL!I l^Jl ijjJaJ ^y <t! j^£-i ^ JjL*Jl /»wLe- JjL^Lo^ |Jb 

jj^J Ijb cSJu^^^^i <^-5L«Jl *-U-!l 4jljUl« Jlj^t ti 1 ^-" c3L~Jl (»-L^I 
liiii ,y> (^*Vlj .aj^Lp JjLu^j Lf! L>- ^L^jJ jy^*i i;jj^-^ jd^'j 

j»_JL!| jli tj^iJl <3^-Jaj ( _ s ^aJLdj C-~=- i_«il_^<Jl dJUlJ ^ <ul jjs> 

JLii .AjLbJ^o oljLxj-l (j-i'^j i LaJl^-j c-)JLi>-l L> lij tiiJLxi^<Jl 
^ L)j2^a Jil jl liL-Jl Jil L^J iij jiS'l oLjiaxll (5-b-l jj5o 
.dLii ^^Lp !>U_« iJLlll o^JU ^ijJ i^jJiiJl liLJl AjjJaJj (.^yA 

A^9 jj-a /^^Ij (jLk-i if^ *S f -^-» (t-Z^ J' /*-* **-*! Jj-AJ jL>t-ilr l J 
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,»-JtJl ,J~iaj jli i*-UJJ iwdJj-aj <J~4-£ Lfj fljJVl ji *-»j t c-LJUJl 
t 4jL>- S^^uj ioyiJI 4 ,,.,,•? ->c_JLJ1 ol a.,/7 1 L)L>-1 joy>x\j> L£LL> jjuj 
.ipj^>t^JI p-UApI /j»j jl JjLJ jLUI S —^Jlj ola./?ll Laj 
[186] J^*jJ iw^UJl oJtA jl AiLJ! Jj-sAaJl *ly ^ _^i£J Iju JlIIj 

,V>- (>• t l1~^jI JjU .^J&jA ^ \jJA>- \jifuj> (ISsJU iS^JLoJl *~djl 

£jl ouS" jSl ciJJSj tiJj^^l ^j villi J^«Jo c^M Jl 
J_^>- J-^ju <Jj-h* ^y^ Li 15" jj^J f-LJUJl <ui •iij^-^j L> jl J-p 

J_aL>«jlj iili J w a, II ij (j^J . o>j^ *j-?--* ^-IL^j ^j->Lc- jX-ijJ 

♦JjJl jl ^ t^jSlI .Jis- l$\ ^j> »-3&\ *15o4 UA^fiaJ ^C~As>- 
jij ij^>- 4-e-L^>*JI iJj_L»J <*-$j> C->liJL>t-« jj^> jl (j-S^-»J ^ .XJL<jl 
LvSjlil lijj) .L^w^aJ iiijiaJL jv-^^*- <Lc-j-oj>«_oJ| c-Lipl l.g.4.. kj J 
i^L>- 4..fl....Ji Cj > >l5LL a iJLjts jj^j" jji tdJJlS' o_~J SJUJl jl 

j£» jljJVL (j-Ul r-^ji (f^i .(JLn^JI jjif- jl *^1 <ij^-> ij^^ 
^L_J *LJiMl .LjUj 1 4-J jLS" ( _ 5 _^Jl olj^iJl j!>U- ^yajtJl » g ,/? ^ 

\j~£ IjJu ipJL^Jl i.LSwjJl jjXaJU tjjj]az}\ ia^-Jl _,Jo JJii c Jjl 
(»jij«JU J->^-^ L J^j^j^JLs . aU-JLII cLLU ( *jP JukiJl l.,^>->- L_Up 
jl ^^i toliJl iw^UJl LI .Jjl <u_i ^aUuJl (JLJ^I JI*j /J jJ 



Dudley Shapere, «Meaning and Scientific Change,)) in: : ^y U- *->-^; ^Jii! (9) 
Herbert A. Simon [et al.], Mind and Cosmos; Essays in Contemporary Science and 
Philosophy, Edited by Robert G. Colodny, University of Pittsburgh Series in the 
Philosophy of Science; v. 3 (Pittsburgh: [University of Pittsburgh Press], 1966), pp. 
41-85, and Israel Scheffler, Science and Subjectivity (New York: [Bobbs Merrill 
Co., Inc.], 1967); 

Criticism and the Growth of : ^i (Imre Lakatos) ( _ r ._ J _;L5'Mj j-y-> c/J UL* \ ./> j'j 
Knowledge. 

.u^kSCJI II* ja j^lil! Jl^JI iljb ^ iiibll ^Jail (JO) 
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t_Ajll»J (»JJ^J jl jjiC^j aSjS-1-Ji\ *-JL!t J : .. iaJ J .iljiNl ^jLJ 
JotiJl 1$jIS ^ tfcJ 1 * {*-^ (J-Jaj ^_>->«j ^1 JsLiJlj .jJLuJU 5jj>j>- 
JjL-jj AAj ,*ijJl /»JlP CjMU- *Jajt*i .LaJLp s^IsUmJI ^_-^j ^1 

ti«jjl Ij-La^i L&L)| ^yljZj>J* piy f-*-£ 4jL>- J5U JL>w» f\^ss\ ,*^>- 
j^JuJl jLi 'J-^j L^-sJUL eJbJl^- ijjiiJ J-£ lj '. . g^.-A * g,«-^>j>- jl 
*i_^Jl >>JU- oV^»J A?-t (_j>t^~o J IS| t(_^jj-l i^js- /ysj . i_is jX^ 
4 C->UjL>tAj| j^> __^i£Jl L^» L>r~ 5Ju>bJ| .15' SJbJt>- CjL JiJ aL>sj jl 

.LaUJ Ui_^>-j fJuCo jl oljjill ^ JbiS .>Jip ^j-" ^^* ^j^i dA* 

** ' * t- . * 

. LjiiJl (_jJl<J! J l^pj-JLo ?-L>j d)U-^>j t2 J»L>«JI 

jlls^/l oli 4Jj a ./?„<J| ^w^LwC- {j* *_>lj f-jJ Jl oNl Jjj>nXJ 
4JJUL- (^JJI j~=-Nl <uSCJ tJu^^JI j^Nl f-jJl (j-J j^j t^UaJl 

ja s>jJl IJl&j ciJlJJl S__ rr ~Jlj 4jjJ<-UI 4-^-iiJl y^-Ul ^yi 5Jl5 [187] 
dJUu j Lis*- 1 Jl J- 5 '-* e£-^' ipj^^oJJ aSJJL*JI oLI^J^I <l)j5^ 

aJwI^L- JU 4 4j iv?U»- aL>- Jj>j| Ji ?J.ia,/?^Ji IAa jVj .<LA£Jl 

Jj-L^ cLlJu dJU-U j^pIj . ((i-^L^jjJl IkJiU ~J.U.,„^> Ij^a 

rt-f^j^J AjiJU *_tla_« J tj*>UaJl Lg, j.»-ljj ^^Jl 4_oLjl o*>l£L^JI 

oLlgJ J »l cuUl^uMl J /»! olj-iJ^Jt J cJlSl *-lj-w ' i-^-LxJl 
i_^><j iSJ^LoJl aJLLo^I oJla JJj .5_w^ljjJl L^_L*Jl j, ^ . ",^ Jj-s^i 
isXidl cj*>\51jiJI JjJU- ^^a-xj tJSMI Jp J^^^ JL3JI Jj tisU^I 
jt-fjlj^ J*>^- s-UJuJ! L^j>-Ijj l jj\ (. cjLjjjJo! t_Jil J ojj>-j^JI 
^_^>o twins' iiiu'yij Uisjl *.$} j^Vi" ^\j t-_^JL*J ii»*>Ul <ui>^Jl 
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(_£jJI jjk <u>c-^>ji)l <uio yl c->\s-j^j>xj> \j jjLjI jl . (1 g I ^> «-; *LJiJl 
i^LiJi! ^^i-^l c^U_^5l<Jl ^o ^iSl ♦JUJI Ji^uJ iLijJl i-^Jl y^j 
iiiaVl *-i-*^? OjIJUj cJlLJl J^-" ls ^ <■ (J^jIjJ-j^I JSo .iwoliaJl 

c4_*SLUJl (Keplerian Orbits) ^LS olJ-Laj cJ-SCjJI ^Jaj^^Jl 
t ■*-w«_j j CjUjcjjJJ (_r^ (J-'j- 1 -*-^ j-JwaJI ^*LJL»Jl -U- ' CjIj^Ij 

<L»>w^ aj <uio| 4 la »"Ijj Lg-*^ OjS jLCLj (4-J' ^j-° jJ> CjL«-w»jCji 7*^0 y> 

s-LjJ s-UJUj iJL<aJl ilUJl *-L_j-j9 p-UJLp jl {y> ^J>\ L J^ £ -j .iiix^> 

XwP i]y^L^J\ jli tj-i-iijj-^ 4_taL*_»_) jj^yLio ^j ]g : II J-aj>J1 

.iJlJ&l ^Vl iwJjJl oUJaJl Ml ^-J ^Pj^^JI 

^y> ^jj-Ml f-ljJsl 4,t,yi»,i3" L»-o jiS\ LaLjljI ^^-AiiJ 4_w-t~vJ'jjJl 
^^liLj jl oLsJl y^J *J .^UaJl jLi>Vl oli iij-a ./a-<Jl oUjiC« 

^ j\ olj^>«JI ^ c->^UaJl lgg-?-lj-i ^yJl o*A£LL«Jl jJl*J| iiwi^Ai 

iaii LjjJu aJu7 oJlA jL iUx^Ml ^l IjJii t i^ljjJl iw<Ju<Jl <_oS0l 
M uJlkJl jl cJJ JJii .ILL- 4i^ Ji v-JlkJl jL5 U J : JaJ ^JLp 
^^-a^J Jjjla'Jl Njl *JLoj -tJ L> li*}U?j O^liCLa Jj>- ( _ ? 1p jJ_4j 
cJU>lj_l)lj ijj t? '. II (ji (j-*^J i-^JbJl iij_*_«JU .I ^ a ; . la" Xs-lji 

jl cJjU- ^l N| ,l.fi>,J?" ^ ilj ^ .,*i t_-»L«x5M aJJjj c->*ASl^Jlj 

[188] yi ^JjJJ u i J *^J\ fjj^>^li ^ISUJl JjJj>^J| IJla jl ij^j <jr*^ 

/J 4_iLi 1.1 j^S Cj*>*Lx_JL^ e_JLkJl ( U»sj jl ^»->J .^JaLi- -LiJ_>t_j 

.C->*>Ow^JI /w» l-^-tV <U>sj LojoI ^i iJUi«l i 1 j g ■ ^ (_Jj^ t_^^l>o 
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j-A CjMSLL^JI ^j£ J-o-«Jl jli tC-ijJl ^/2-X-Jj (,4jIJlJ| ^ jjidj 
jls t -Ust^vijlSI djLLo^l aJLA jjJ -yij .4 w^ih'l /»P A-o-g-^ c-L-il /t-^jci 

U_Jj \S\j^%\ A^yJLji\ iiLo^l Jl^! jlS" JlU .ajj-^jJI oU-^jcJ! 

IJlA ^^^JlP 4_al_p ajj_vaj v_^5sJ (JliJl t^jij-jJ ( _^JLtJ\ iS^Jl jjjlj 

iwi-i^o (^JJI tijJJl Jlp jl *>lto pL*i?-Nl fjUi .f = ma : y>^i\ 

( *Jl*j ^ c 4-^^4-4 Jj>*1a ^Lifl '*-^J ^ J^ *AiS LULjl ^-ytlil jl 
f-L>-Lf- iajj < ~a t 5 jj^ 2j t 4jta^jL« «UoJ jl j-jCjI 4~>j U-c- Ij~5 

jj* *iljJlj .jZ£ <_^U^j »^><j jji ^y <■ i». : .Si,\\j j^c}i\ IwXa j^OoJI 

KflW'. o !'■■> yaj 4jIS wL>u t /jA ,^> 'j x c <Uvi>ljjJ1j 4jilauJl oNUjC^< ill 
C *JaJl>J .J ; .,l^:Hj ^^A^JI ( JlLo Jj-a^l J5" ( _ ? Ip LaL*J jjJLsljjs *^jl 
^J 4P^uJ ijfo".,* 4jlJb>Jl jli ^lj (4^p i>-J-i ^j. QjAflla -_££ 
(^Lj ikxj (_$l -LLC- <jL~-> jl f-j^}\ /j£-o-i <\5\J .iib-tAJl j»-gjljib>^ 

?oLpjLvJlj C b^jlj t(_gji3t oUtHa^Aa IjjU>sj jl t LvijlAa 

I Jul Ja>- > ^Aj V jl Ja^tAJ LJi t_iij^Jl {y> A^bJl oJla jl *»j 

{jA IJui*^ jiS'l jjk i_j">\iaj| AaIjCj jl L_>eJ (_$JJl jU ti^jU^JI ^S 

iJ ^j>Jii\ c^>J jr*j-! ^rrr*-^' dJJii .f = ma *J> -waJl ^.i-^ aj-^L^ 
jl ^_JUaJl JiXo LJb^j .i«U- jjjli ^2J~ jl JjJli rt-^jJ AJl ^jIp 

ajj^j^JI c^Lw>jcJI jli caJIj ^1 ^ISLiJ i_dij^> ^ ^jU-oJl JUJI 
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(.mg = m— I^LJl jj>njJl < _ ? 1p f = ma jjJlill ^w2j aI~^>-^I 
tmg sin = -ml^f ^1 J^o k~~Jl ^Ij-Jl ^1 ^—JLj 

[189] tnii^-lH- kiSj = k 2 (s 2 - Si + d) J-SLiJl ^^-U L>_&Ij^I oLlS" 

J_3»-lj (_$JJI * iy>-^ijj^j>tj\ LLo Ij_JL*j JLS1 i__AjIj-« ^J[ 4_wwjJLj 

f = ma 4j ; ,,rgilj L^pj^js^a /_j AjLixil i_jLjL51 Oj£Lj £j>-\ NlSwl 
t <_£j-2JI JjJj>«J /»-Loj j-*j ct— JUaJl jl* t tLLli *_aj .<jjj«_sis jt£\ 
jl <l! J-^~j /»J *Ji\ij*-* 4^jLj_;i iwislj^i ^.i oLp^L^jJIj cJjlSJIj 

jj (_$JJl f-J^Jl J- 4 J_>^J L* (_^ M^J 'W-ri '-* ^y i_£~^ ^ = nla 

t_jt>U? Ju^ iijJLi ^j (.ajU-^AJ L-Li-a ASLiJ oyklli ilLwa 

y c p. 

^ *>L^ai Ijlji j»_jjl *UajjL>j Oj^wL i_ r >*>lkJli .^lJ^jJjjj pJuJl 

f, a ft 

ii_JUaJl <—a J iz£Lj . Lfr^aJ ii JaJL oLijjwj.II wULJ <U^j jl 4 U<ajl 
jl£ 4_l£Lw> llo 4li5w^ t5^J ^.j-^ t ^-'J' i (V j' 4-*-L*-« JJl^I—aj 
/wsJS-JLa ^J 5JjL)w<JI 4Slj.j}j CbULlJl AZjJjJJ .J_. S /j_« Lg^->-lj JlS 

<. i Jtjj\j>S\ ~-yj*jS}li .JlJ y> l^xJlxi OJUjI ( _ f l]| (jjiaJL 4^-wJaJL 

4jLlJl c->NU>- ^p (^JLlaJl c~JLpI Sbl ^J^jj aU if = ma X^j 
l jA\ ijJLk^Jl aJl^JI Sjj^aJl ^jip 4j^j (.Lj^p >-^>«-o o! a^Ip ^Jl 

4jjj ^P i>rjL\Jl ij-Li!! jl j^iUxpl ^jjj .Lj-i twASj^JI ^^j jl <u1p 
C-iLpj^j^> LgJtS^ (_gl C ( - 1 2JtJl L^A«J *U^o Lg-'lS'j Ajlils^<JI l_A9lj^JI 

tj^Ciil l*_Sj t^^A *>^' c5>°J f^-«- J< -' <£^ j' f = ma JjJLiiJ 
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9y ^yi 0*>lSLLa ^ji 4_L>J<-> t^JLkJl 4^s£j j^JLJI ^^^^JjJl <^ ( _ r ^Jl 
^ j\ iijJJ ^y^L^Sj /^-LL; 4_L>_P J->ol e-lj_*« 4 'U^^jjjl rtJjLo^l 
j_a L_w «_« ta-Lf- i_JUaJl A*-£j (1)1 JL*-;j .,< ; o-waJLJl /p^-^- j-"^-" 

^1 jJij 4iU t_p-l JJ ^y J-* L*-~>lj li^i-l t_ ib>sj Ji otASLiuJl 

A^jJl La .t..->Jl iJLSGl ojj s<aJl J L*'^ «-J(-«tS' 4^>-ljJ ^jJl i_iilj_<JI 
aijfc j-LJ ^ .^jjji-NI ^j^w^Lva^-^l j^ <CPj^j>tji *L/£p| Ji* Lf».* ai 
Jiili .4-jjJG 5j|Jb <_^ lg-£>-lj UjlP 4J O^j LJjU dJJi J-*j <_aSIj^J| 

L^jJU-Ij j-^jJl ^j-^*" ^iJj-" <_r* ^ij-^ t ' L ~^ oijJl ^ tJ^-oJ 

-«jjIj J ?-j^J>jj L*rajl j^-li; 4_^x£^<Jl 4jLi^jl CjLs^Lp jj2 d)J 

Ji\ Jaii JJi f-js-zi ikvul_^j dUi <J>^o L« LJ^J '^i. 1 "-" oL>j-I [190] 

Lo^" c ojIAj^JI jo L»_^> d)'J ,UL» j-~- ' 7* " ■" (J-^ *l>*ujJ ^jj^jol 

<G .5 (j j5sJ (_5 Jul w^llJL L^-^ <_eci/!*~" i-MjajI li-US <_£ -> ol *-L*j 

(_^iL« ^ W Si (►■•'Ij-' jlj^- 4 ^ i-^ <-* <*-Ov_JL« UjojJfc J^- /»J .4-OLa 4 1-g 5 j 

^y> Jj>-Ij 15 4-pj^j>«^ -^ i-AJbj ilJCLo^l li ^=-Vl (»—>*- ol 4A~*^> 

L^So /J>-*j 1 g '■ ; ; JfijIjjJlj tj_JuJLp (t-'lj-' f"JJ (V* 1_?*^JV Lfcj-V^llp- 

J^ j^j tJajlj^Jl lili Jl*jj .jIjxa'VI a5"^p- j^o 4.1? Si (_$1 JJ^p Ijji 
J^aj Ujjwp (. Lg^j^jvt^ oiL>- j5y /j5o 4 <jj^>tj ^^l^s| J^*J lt* 1 ^ 

4^. Ijb (jJJI "jL^\ J>\ *)1\ *jZy„ Ji tiiaij l Js\ J>\ L^> JU>-lj J5" 

^l^j Jj^s LaL*j tJsj^JL jc^_»JI ^^>Js\ ^i ^liill iojL>- ^5j» 
i-J-Ji (Daniel Bernoulli) Jjjj-j J-cr^ <-«JLiS'l l_ n ^-lj .j^JLJL^ 
jIJl>uI .iwb*- Lo . Uajj-& ^jIjJ L^jLiw* *-*ji /k° e-LoJI (JiJ" t*-^. 
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[191] 



j-S"j-« f-LiJjl Oj-£j dl Ju N JLjJJuPj .SjJLaJl dilJ JtAi- i-^J^oJl 

i . ■ , * 

01 ^J Ju V <u~aJ tlJ^Jl ^j .OjjUJI p-yj jl ij(i ^^JUJl OjJUJl 
^J ^iaJl Jjjja j^o ^j^ ^ aJL«J*^> dUS ~Ujj <uULJl AJ^Lp jJL*J 

(i>^iJI otASLi^Jlj .jj-Jlji jl A&lji ^i L^j jiSl aJLj^aI! i_iiSlj^Jl 
^i dLjliwJl *LJ-p ^« ^L^^-w^ iilol IgJlSj tjLLjl ^ SijIjJl 

^ j* * 

a-^L uijpj .Jais lju=-lj ^*-?b UjjlS 0^»wL>sX-il tjJLe ,vWI OjiJl 



Rene Dugas, A History of Mechanics, Foreword by : JLdl J_^. J^- ^1 (11) 
Louis de Broglie; Translated into English by J. R. Maddox (Neuchatel: [Editions 
du Griffon], 1955), pp. 135-136 and 186-193, and Daniel Bernoulli, 
Hydrodynamica sive de viribus et motibus fluidorum commentarii Opus Academician 
(Strasbourg: [Johann Reinhold Duisseker], 1738), chap. iii. 

Ja- Ji^k if ' j£* if^ OjjJl J* JjVI <_ji*aJ1 djjzi- (_ji iiLLSJ.1 »Oij ^J^ 4iy>i^ 
Clifford Truesdell, «Reactions of Late: jJaJl i l £ J i-\ J-5L~-» J*- /<-• L^iilj^w JJLJ.I 
Baroque Mechanics to Success, Conjecture, Error, and Failure in Newton's 
Principia,» Texas Quarterly (Austin), vol. 10 (1967), pp. 238-258. 
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jl Jb N j^tJUl! c^^^r! (J;;^" Jjj • «ojJi)l> .Sjj> ,/?,il (jjjL*j Jj^L; 
U lil 4<j^JU15 iJailll AJ>L../?,H j^a dJJi *-*j .4^>j*l (_£»Uo (_r^jj 

ijjwaJib (( J-«^JL; i»j-^Jl» jl iJjJu jl j»JUij UJl^P Nl ASJlJ^j 
^1 iwiilj^Jl ^j£- lL-Jt> (JljCj jl <_£! t jL^Ja jUji^» L-» ((ojiJL 
<*-« ~^>j jfj .jjjLiJI <U-L*J AJ c L^vi jjCi 2 ,c*jlj l Ajw laJI Lg^?y<j 
j 45u Aj .Ajj^ia?- ojj^aj <hlaa' LjLwoj «Ua~uljj ,*JlsCjl /y f'J^' •^■Ita 
L^j^ll <Lij5 v^ AjiLo <)lLo| aJlAj LgJ«-«J CJLJL5 f-j^Jl ( _yl a -*J LaJCP 

SjLjp ojL>c^a(Ljj ,l*_« jLoJLitXj oLJLxJIj a^J-j.IIj ;aJl»joI L^xaJsj 
jl J^aJI j^j c^^p-l S_y> SJ^UI (Michael Polany) <_^N_4J JS^l* 

U-*-* Jj-^j^ eS^' cr^J-"-? V_wsJI ii^jx^JI ^ ojLiNl dJLJJ 

^\ frl^iJl ^^axj j*-5> Juila .iJjij«^*>Olj aJIJUL) oUlgJ^ LaiLvI ^jjJ 

( _ r *Jj lg-LL><J (^-«-d *^ *i*j* o^J^" l^ (^ L *^' A»li| JjU-i OJ^ 

.^Xij^j^- jj^sV-U ^y. Avb JdjWl dili ( ^5U . jjjUJij jlg;..JI ^Ap 
j-gi ijl^w'yi y J L ^~ J '(j^jJi-^Jl /j* ^Ji>tjl CUX5 A! jJ t^jl 
aS"^lJl*JIj 0j^x>i^JI otSJu-»-<JI ?jA c-jlS" ^ y>- j\ L .Aj^ji />5^j *-) 
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4_LSs_«w» C->-^J -ujJ_>*JI aJ_Aj i. LoU .4_P- d^->s_«_ll 4jj_s<2jO oilJ-Pj 

[192] ^ VJ^H (*y' ^ ^ c^-SUJl Jj .iu^r^' i~^l y J^*^l 

(_^jJLw»wO ,<-»-£ (WJjJ-PxJI OLa_si3 4_wuljJj *_o_siS-« ^J«^oL> «_»U -J 



.j\xA 



iijjx^Jl i_p-J jjP rt-i^ol LjJJtS .Ajykjjs- ^ylsLaJ _^£l C*JL» jl a^Jii 
^ Ja*J ^1 j^Jil V ^jli ciS^^jLoJl ^L^^jjJl iits'i/l (%— ~>- (_y* 
aij^-j^jl AS^jtoJl ^ JJUtdl! aJuU Jil j\ LJij Jil jjfc iiyt^Jt 
[*i .fctJtiVl Ajj-A JuJL>*J j^l*^> ^9 jl l^JljiJlj iJipljJiJi OLS" ^j 

{j» j*H\ JjI ^J* <jloy>- -Juplji oiL I^ipIw* ^JO^pI L» li| L^LjU 
j\ .LjJLo ^Ju iiJsjJU (»ji; cilJi Jmj CUp-Ijj t^u>s~M»ji!l aJLLoVI 
^LvJ^t <^P (JKjI L>JuP ^ ilfili ik&JI ^P i_ibsn^» ^jCj c J jil 

*y ^U tj-i (j-o L&lj JL* frj-oJl jlS" tij-?-l < iilj_oJ <uL^> j-^pj 

stats' L>x_^s3jj Lgj^vi jj \x*j 2 <JL»-p Sj^o ^-1 -ul ^JLw2j j jS\ 
jl j-» ccLLli jj^- ^Ju c<Lo-c-j! Loj .^yix^Jl o; ./?« Il jL^>Jl oJL 

^LcJU jj^UiJl ilUJl *JLa ^j* jj»ij sjlpUJ 0JU2 jjfc Jlj^Jl dilij 

^t^Ljl Ulj t<LgjLL<i OlPj^J>t^ ^S «Wsli>- l_4ilj^ I ^ 1 Mg-flj *-«^>sJ ( Jjl 

^U iULS" 4Pj^>«j> ^ j\) ^oU^> jp i^>=Jl ^1 «iljJl «-I^p)/I jl 



Kuhn, «Second : (J J ^J>jll lij>> ^ oUjLAl ^^iy J^ J^-^ai-l l ^u (12) 
Thoughts on Paradigms)). 
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<-^>djl jl j^ <■ j^/l ^ [>^J>\j J~^i ■*-;■"'■; ■■* ' U>J .9 yjs y>S\ rs- *AJLs 
<uL ^y-JJ (( j~^e (J^l* J^> ^U^ <_?H U^ 5 ^ CS^ l_S* J^-~*^ 

^ Ujl^-j 4_»ij jliCJ! ^ jl.A>^ t_d5j tela .LJb ciD.AS' ^j J 
^3 L«^Jj^- L«, ..^j jl L*_gJtSLoL> oLS" jJj) -L^-Jj L^jLJLj 4_£jLxoj 
.jjj^dSlj AjjJiJi /ys iJLf' <*->-j.5 /J-^ ,5^ 1-$-; \-^j*~*j ' oI^IujI 

LT^ ^J~^ "tjr^ <j-" cT^J t L r^"^ > '^ W"^ ^^ <^>^Uj p_*j 
j5JLo Ol ^SUjj) .AJjlk'a ^^JaUl ^jjJLft ( _ r ^-b»-l (jL ^l^xi^fl 

jl ^1 jl£j> ^1 ^ Qa^-*>La ^5L J jljJ\M Ljr «-P jl jji^SLl^Jl 

^ _ rr i£Jl jU t^-SCJI JL*j .(1794 aU ^y jjJb j_p- <u-^j [193] 

iiljilj aI^oJI ( _ r dlj jj-r! ^ J"-* 3 "^ .;-^^l jU-sr<J' ij* oL-Lw«Jl 

1 1 ( ... ii'i oL»L«^-^[l txJUj jl (j-S^j Ijtr^ <Jii^>«-« ol g ;,'.,< jl • ,«-L; 
jj I j-^i-lj i I _JLS 4jt.L".->x-< w^oiL?-l tsJ^j jl /f5Lo_; «LvmAi jjj_«j| jlj 

<UtlS-wO 'LjJ^- Ojj ./? 1 ( _* ^yjV^P- ill jJ^ 4_^wo_il /yi ijJO»_«jl jJj JaJI 

^jJll« /jSJ /»J jJj .<ui!x?i^> s-L-ii Ijlj *^Jl jJ L^S" 4 jLp-Vl jj^ju 
-b-lj *i*)U- JJj ( _ rt * u U^Vlj cjL^I^JI ^j U 4JLLLJI ^J[ f-\jJ>y{j 
Jjlj JJ ^IjiSfl *VjJfc jl iijAJ jl ^iL-Jl ^j> jLSJ t Ju>-lj ^1 

.^LbkJl JSClILj Ijlj L. SUi 

^P-y-.b-l U^jUaP*y Jj5o ^j^j^^a jl jVl ik>-%Jl jJ^jj 

4 juX^Kj 1. 1 g ... fli ol g ■'■ <>Jj fy-^Jp yfZ JJ_t- <U> ia."J..a 'UL Jaj <ULUj>b4 
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[194] 



^JcJi ^ LgJl i J>jikjj t|^JL«JJ <u^^>JI Lj15Ij^J *t^w=>jjj CjL^Jw<JI 

Jajb-xJi LSI (jJ-LlP ,r-Jj .A-pla-^-Ml aJLMIj 4j.SyjJl a JaJI i_J^J 

JjVl aIJLJI J djSL^a tLuJlp ^jXJj . j^>\ yS^\ jj> (_$l Jlp 

(1)1 t^jjj </* II j-* (j^-^J ' l ~ J ^ :'' ^ ^ ir-*-lj ^ ~~vuL>-i CjLpj_^5 4^-> 

Jj .APj^jsx^JJ ipj^a»>t«JI jl Jj>-'jJU Jj>-IjJI JjjUaj i. ^yjiAjaiA LJj5sj 

^i ,-> g'^jl •- "J l *-JaJb 1 g *^c ipi^j>«-oJI J| J>! -i'Vl f-LaJul ijJb>- 

jL jj^lj^^l jj^j U LjjJ jli tiiUlilj *.lj~>J\j tiiJJlj tij^ill 
« g tV 1 ./t '\ JLojj . g j '. jl LJ <-_a-jS' tMlj .4-iLl W: < < g "L^L»^g-j 

tf-Lw>ial JjW fv-fjl J-> ^-S • ,1 $"■;•' 4-jS'jJL>«JI »_£jl_>L><^ol <UpL»j>-j 
/—j JjLaJjl Ijt^j <^->J>- /J>Jj .L^Jb (_J JaJL pi g I '■ <>JI jjj>JL*_;j 

-JLi aJlp (Jlp AjLu-« J-J^ Lo>xj (>->»->Ai i. Lg„^gl.^',:j~lj djLpj-a_>t^>JI 

( J>yJu LJL*j>ij (_$JJl jj^ ^-xaljI ,jil J^w* jl ji'l ,J>\j •(j-"!— ^""^il 

K f.L*JLp| -LLP LgJlS ^y* ^L-js-^Ij oLg_LL<Jl ^j Lj (Jj^^aJl jl 

.CjIpj^pmJI 

L. jl Jjil tJLplj^Jlj i : ^ rs i>^Jl ilLo^Jl Jl jVl SijjJLj 

(_£jj>-| j| .I JL* j_a c 4j JL~^_«J) 4jL Jaj Jj to- jlsI jl JjU»-l cj5 
C-JlSl «-Ij-*i c 4P j-o->i^ *LApI (V-Lo I g"la.»ljj ^iJI AjjJkj^Jl CJuliJI 
J J ■_■ yg l ./>"^ -Vl J^J 5->-Pji 4-Pj-«->i^a j»l LfJL? SiLiiJl ~AS-yA->^ji 

jjk cLjJli cjL^w<JLj jj4J>-l^j LjJj_p Ljjli aL^^I lj^ jl 4 LjJLi-b 
J .^i^L-l jJL«o jl J-— ^yJl twiilj^Jl ^ iLt»l Lf i& ~-fr&yd>\-> 

.( ailj^aJI "y» i£j^~' f'lj-'l />* 4jtbj>t^>j 4^jLijla Ujjj jl APj^J»i^*j| 
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«_>tJl JjLo ti-A-Js <J^*AjIp- *L/2-f-V VjsjjS- (jj5o jl i_aJ1j^Jl «JL* 

oU-j^><i^ f-U^f- ji j-*-~> jl o^hj •<Sj > ~' a -^t /y jjm^j < ^-?" jr° 

pXs- jVJljJ oLo^w^ *>lLa I^ ; Lp (J., la, L> ( _ ? Xjl iw4jlj_oJI dUj /^ 

<_w>«j J4J .LL*i c->Ju>>j J^iJl ll» ^ l~J> ol <Ua>JJ -^UJ 

tJLolji j_* -^t-^jJ-il ilLal /^ ^jL.JLS'I li Lo d\ JjJJJ jl LwJlP 
Lljjj jV (. J J-.-1U jJt-a (_jL/?jJ| dJJi j| ^ 1 g 5 _ ; U " ^J_£ SjJusJlj 

ft s- "* ** 

jj^Li (jl Jb 2 A^j ^« L&u^>-lj (jl ij-^- i_i-slj_oJ LgjULo LLsj_a 
^ 4jUJ1 lilj^l jU tdiJi Jj<ii ol Jl*^ UU- <uU t ( _ 5 ^Jl IjLjjj 

t> St f. 

<blj (jjl^xll *-^-k <j^ .l^>jJ-i jLlii- Jl* UUj UJa.'.-° j^o jl Ju 

t. * c. (, 

U SjJa^wwu ^ iJ_o-P (^1 tloljl ^ (Jji^ Ol jr^-V. -^Iji)" <JI J^ 
tojj^a^i ^ Ji LJl 4^JLJI j^£j ciiillS" ^Vl jl5 lilj .Lg-J-P 
J-pI jJ j...^ 1 ?! AjjbL <v>*j pj-^J ^i*-* 1 "^ (_r^ ' ^^-r**-* 9 *jj~*<2->j 

Sy>~j ij&S v, o vjlXj oL>«J la ./? -■> II (JlJULlj CP >»*}LSJ| jlj .^jLx^oj 

1*.^./?p ji j i5sj JljuJI A*^ (J-f - ^|j ' ^4-^i u *-v» Jl Lu5L*j JjIJ-i 

/j-o t£y>-\ iijjJaj jLxi>-)/l Loj^>-l jl ijLjc* (J.^.-la." ULud jl oJ-f-li 

Lu5L^ N ^1 j^l Qy\ Jkii U^pI ^Lp'NI oJLfJ . <13) ^3^l 

.Ljj pLiJl 



^-Jlji Jju jj-lljJJl J5 l_)L? jJ jIiaJI oJu» ^1! Lj^AJ»1 isr-Ls- ^ ^SL 1 (13) 
ilioj «o_»Jl-iJl ilLjiJl' 1 ojLf- ;wJ *JU-I liilj ( _ J ii .j_ij<Jl LLv^^Jl Ji^ JL*l_jiJl ASj JJj^> 
( Ji>-I ftj-J /fSJj .j_^JUuL k*j£^£- jJ> iJu^- Ll^. ,/>'e jlpIjaJI (fiij jJ^j (jlj ijJjJl 
."%^ \y>\ ^J>yi\ Jj^ (_jiJl j^oNl (iljU ,j^l_^j _«~Jl ij^'y iiiLs 1 (jSUj 
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dUi Juu .s^-li jjr-^Jl ^Iji^l J-i <J^ t^l 5-1 LjJl! ^i (J L« 

,*-J .1 JUJI ^i 4_Lj<_aJ Lo j-4> l_L*J t Lg-Lo «CL-wJ J --jLioa JwC- o^>«_J 

.Aj'li ^j-^Jl iilj^V 1 ^^ t5* ^-^ ^ l5^ ] Jr*^ >*J tJ-51-lJ! 

.J^w<Jl ^i curls' LgJl bjji cuij ^ 5jjJlJ! la.^j ^ «_L~Jl ^wJ 
ljj«^i L^J oV t tul o-w-J dUj*' toL>c5 jr-jwaJ 'LjIj -*5 Loj — SLtJLj 

fr 1 ft ^ c- 

JaJLjb f-LJl JJ-Js -i-^l Jui (jljj <^jj Ji cjl .L«i IaL^^jlc-I ISLJ 

jj)"j ^W 1 Jd^ «_rW Ji^ 1 cAiJ ^r 1 ^ ^■i usb 1 ** LjIj L. ^ 
(JLl<JI J-^j— « ( _ s J-p t a*=-JI o^W; <J-~*) <L°L*J1 L yajl.,,<?>J! ,_y2-*j 

( j-j iijJL^a jju LLp ( j^>-L; I JJ J^) L_~J- L^ljil 6LS"jil Ji L5 

;L^U> LJ-sA^- wis L5 ^^wwo-L*-! ^-^-vwij JjL>J Lij ^1 . L|_a_Ls-wX-J j 

t oUi LLa-f- <uiwi c-jIsT L*^oj .LJJ <Lw-jjL (Jaj^-* jLvs L» AJL>iJj 
tiLgJl ^j i^wap cjLU^- jjfCj oi Ju N LjJ iU-ldJl cjLLuJI jls 
j,_£nj>cJ ( _ ? xJ1 1 g ... a'i a^L^j-wSvJI a^jL LwiJI /-JljJLiL L*j5ox^> ^LJLj 
ilji?- ^^-Clj ■i£j*-\ 4&>- ,y LjjJi jLii^-j a^_>- ^ ^^^^ ■^b^)'" 
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U o} .LojJi jLii?- JJU L>4^> (^1 ^ jl t^^^^Jl lilji^lj j?~J^>\ 
L5 -lw»Jl iiljiNl J^o^J aJjL>^ j_a (_jUiOl IJla ^ w-jUl c^5 

j-A L^JlP JjJuldJ 'iJL>C^j> l _f~->^\ iilji^l aJo-j Jj«->«j Lo jj 

U^ ^^Jjl iiljj^J IjW*- ob -^^ ^\A Jl ol^J! 

.£jj <_£! ^ ^ i-^^Jl j^jLS'ljil 0\ Jj2]\ lJul ^j-W^. N l^JlJ 

wIjU^^- cjIjLwj iilj^J jj*- «3^-U- cJl5 lil *U_U5 ijj^JI *-l)j~i!l [196] 
u-0 <_^ U^U^J "-^r^ 1 W^ 'J^* 1 -*-* j^ i^J -J~r <jrH 

^53 t ^^t ■/? H j-^ <U_t5C!l ( _ 5 j> ((iijj^)) i^JLS' Oj£j \-*-ijj 
*uLiol i-.-o-*- Ji! : aJ^I ( _»<ajU<2>Jl aj ^»w)L?-l J\ oL§Ix*JI J^=j 
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• iSyA a-b~lj istfU- jlJtfljU idJJij ; k_^ J i- aIJl^I^I a^S3 .?JW,/?.o.1| 
JL^ ^ij .ii-Lwail iiLJi ^j-laJ J^G- jj-* ^J oL^jj^Jl lijJu (1>1 

(JL? t^^jj^JI ( _ya_>tiJU Lg-C-UAi-J (_ ~>tJ i>Jj-!l Jj->- i^^r* J-^*^ 
Ala ll>~b>- (j^Jj .j-iL^-Jt j -<2^jiiJ l$pL<2i>-J .Lw>t-»Jl __ r «P /^a jLS" 

^ <J oL5 UJLLo 4jjL>^> »- Ajliaj <J ^L^-Nlj ajJj-II ^ La IJla 
jl L^jIjL-w« (_^jJ LlSo coLjjjjLxJNl (_^jj M (V**-^ •' 'L5JI ( jjl^ 

j\ j^Nl jLjj>- SjJ ^^J UJlj tli*>U»! i^JLj^iJl oljLxJl ^jJ 
is^U^jj tiiiLJl oUra./?>l _s oij-^J -lis t <_LlJ i *j>j .yujjLilJol 
oLoLsJI iSjJJ l_LJl jJ L»^ t a jj_SsJL« ajj^ajj t^JbLxJI .J ./? a 'I ^s 

ilL«Vl (j* 4 - 5 *^ ,>• <^J-li J-*-*-* <J' La_L*j Ljl jJ LoJ"j t <JjJL>Jlj 
[197] 6 JU JiJ LslS" L.L.I dj& Uli el* Jio oliU- (Jl «5jjJI» Jij 
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jf Li>j£j . La < u , ; .- 'L"j 1 i_i_btj jL>«^wj 2 JbJl ( ^j jIJuLjj 
jl *-L« C->l Ja3 Ajjj jl .jl ,/>">■ Lj < , Lg '■ - s^a **• " JjU>-L^ (cJLi t »JJJi 
N jLJ^j ^—^1 -^J-^ <_/ *Jj' °j^- c5* li-*- 1 ^ cT J ^' lM ~ a Jil 

< m . \U~~ Lfjli iJu . jLwoMl 5j-g^>-lj cjL>t-^Jl cj|^>t>- /^p Ls-w^i «— $j-*j 
J_J (^>-jL?- ijJjj^ ikLx J^--^j jl) \jz~JCj t"^LJu>ijj (.l^ r *xij 
.ijL^iOl oijLJlj cjUj^SGML i ya^>^ ?*5& ,_j]l Jj-^jJl jl£»l 
L\J 0j~>- jj^-lj oljiVl oIa ^j& J^j6 ^i-ll J^-jJl <-^j^ jl ^^ 
olij^ ilLfcj tlJL?- t_ib>=j <_iij^ jjb to^SCJl 4-^t^jlJl iiia^L 

jii'.j Uxp jaj .l^wo <JUaj ^jJl oL$Ii«JJ <ii>d\jtj» ~*JLij& <_^ aLUU 

jU t^jlj t^j^-i j»jj j^l? Jiaj cJj ^ <U*iJ ^ JLc-UoJl jU^Jl ^Jl 

^J\ Jaj li| <c5^!j i(_$iUJl J^-jJl (j^L-^LS - jjio jl ,j^*j <uiL»5-l 
Jj c *L C-iljJaS (_5^j V (^ji^Jl ^jIjcoJU t Laj) «uli iwjl>c^< ly^>- 
t ( _ ? A oljL~«Jl dlbj .iJiSCftj dill oLlj^-j icjLj^iSJI cjIjL^> 



^i>JI iJ^i ol • «^ SiLc -S B ^^ *'y y^' v^-jA 1 oUi^^ll JUL; Ji (14) 
^1 o^JUJl jVj pjli ^Ijil «-Uii Zfrj (J* -U-^*j ■ Jl ~*^' ^^Sl* »Ua*l <J^ j-iLll 

«Swan» j^jJ jj jjl JJ «Gesse» pjJ ^ jjJ ^ L» -uJLj ?-jiy^i jj-^' (>* J»>>»Ju 
^J^- JLiJ L,;lj oj^jJI aJu>>j .L^^w^jJ (^Li- _)L-«-* ("—aj jl 4J^-)b>- tjj^j-L> (j-=*-^9 

J^ >_4jj<jlU tills- Jl i!Ls- jj ^f^i (.^^^jLx-LI jj JJi i-Lp ^iSL-rf JuJjj> t^L^SCJl 

i^ijjjcJ iJLSJIj kijjj*Jll\ ie>jjj^i\ /yj> "*£■ y±£- Sj>-J <>-LC -j* ~j>ji\-i ijljj^Sjl ^jIjLJI 
i!U- ^j .JjA-J| ik-«l_^ i^kJI L>-jJjkjl j* ,jilS3l dJJi ^jls- ^5l<u <bls t^^flaJ JjIS' 
.Ui_j>-_j 4jjJaJl ^JJai JjJU*_j «iji=i M CjbJlS3l tJl* j^S tJLpl^ill oJ> Jio iyrj pdf- 
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^JJl iJbJl ^JL^J ^y^Sn jL^- ^r^^ij t^JJl *JL>J! JLj-Lj jl 

[198] |^i j| ^|_*JI J^->J J^ lil ^U->j c^LJl Jl^JI ^-L^-j 
(^^pJl ^yX^^JU cLJLpj) (vJUJI ^j^Jj .jj-^jLLJI ,j^ iSj>-\ L^'j^l 

<J_MJlH ii^L-Vl 4-Pjh^-« (j^^uli jl ^a <d Jl. M *j~*i ^J 

t cjL^JaUJ<_<Jlj cL j I w. Jl i »jL>>J (_^j_>«j jlj t L-gJLS" <u^-jL>Jlj 

^ o\S\ f-\j^> t ( _ 5 *-j>Jl iiljiVl ,_^j <^~~>- IJuj ^-^vixJl jl .liiUj 

i»Jijlj caJU^/ j.j.w^a.'wli ^~>Jl iJiji^/l aS^X) Loj c^jJLLWu ^~>J 

OljjSJlj 4 4ijl2ll <j,l£»l aJPj tijx^^ 1 ^^ " 5 

L^jUjj aJjUlJI iJl5^[ a-Ip Sjio Jj>- ( _ s Jlia3- , >U : ^j 4 cli53l 

Olj^JajJl j-J jL-J*Jl 4-!L~~o Jj-* - JjJ->L>eJL; /j-J-Ul «-LtJ_«j! jl^p 

(1)1 *^jli jA& ^L^lj j-^UJl ^^J-vaAil ^* c— iiU JJLls . iJUxJl 



Kuhn, :,y> ^^LJlj ^^ jj^—Jill ^ J ; „^ii^ c-iijj /«~J ^xJl JsUJl (15) 
«Reflection on my Critics». 
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.L_&tAS' I^M L>Jj ^Jl oIji&UlJI i~JH\y>j tiibi^o iijj ^Luy^iJl 
t_«JUj t_4ilj-<Jl aJuk Jjl» Lgj j_^Lib-> ^yxJl oL>Ji la .,<? »Jl jl L>_ij 

^yajy Ij-lajj JL3 IjJj5o jl Ju ^Ks i. 1 g ^ bn-o ^i 1 4 tf.i oUt-1 la ./? <v '1 

U..^-'.o L/slillI itwJj jlj 4 Liil>«j> Uajj ^j^wJaJlj oUd W ,,^7^ II aJtft 
e- * ^ 

jl cJy» J5 ^yU ^»<j ajT oJil tdJJi y ^Juj .Jji^Jl ^ -GUI 
-v-aJi^- jj .4-Jl j-^-^I '-V-^-^ dj^^-i <J' f-L^iNl iJa_^lj_; JjU*_> 
•yj f-ly>-Vl cJla ^ AjL«J1 J ,/>all JljjIj Ijf-Lul (jj-LSl jv-ft ^L-MAJl 

jUaJi jl : ^yL U-; Xt&\ ^j\ *>l3li ~^> ^jlp ^_j5' JJLlj -J^^" 
L_i J-^lyJl ^ jjy»-U L^JjLla jlS^NL ( _ r J ^1 oL_ r liJl [199] 

JI.X>- ^ Zfa > -J L_jL^l ^gjj *J>JJ| ^S^-l 1 4Jl ,** <L>C-Il!lj C (1 g'. ; l 

' ft . fr 

<—>»-> ttiJUi -y Mjb i^Jlj t CjL^JalJl ^j jLjLs-Vl 4-!L~, Jj-s- 
A^aJrJj ^L_**>l 4jL^jJ1 ^ji ^ 4_jL_^1 ^J\ bLx^l 4_>j-laJl jL~-=*^ 
^JJI jljiil ,j* Jj3^^*JI jA ^j^aJl iiljJ^I jj-» L^jJ jlj tiJlij 

^Jl ikiJl clJI^ ail .jU^Jl J_p- J>\&^%> J> Njl >^J 
Lf^ (>^-*j ^ ^ij^l j^^' aJU~« Jj^- o^iU^Jli .*JL>Jl ajLJls 

( _jjj . ( ^_ s i>LijJI j\ ( , tf » '■ oJI JLAj-JI Ojj-vft' LaLoJ 4_-_^J 0jj_^iS ^J 



tUujj t( ,-~iJl IJLA ^ 9 ^5 j ^L^ll ,y L,. UJl^ ^ »I ^Jl JUeVl ^t (16) 

Criticism and the Growth of : ^ Ijj^lA\ (Stephen Toulmin) J.j_; ^a-w—.. «JL5_« 
Knowledge. 
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y-lrJlmiNl JLfrljij oLaJuLjl Jj-S^> ^^.yaljjjl jl ( _ y <?Jg.'.,*Jl jL*j-Jl 

<-i\jis>\ jU c^LcJl Jjj>- i_J!>y>- J-*a->- La lijj .ajIjlJI Jlu siJL>=^> 
4-JujJI liUj ajL^J Jj .j^LJl JuJL>cJI J| .sLu^ML L$i* sop-Ij J5 

OwU-li t_i)U-j LLai- «j_^l Jii <uL *JlwJ jl j^ _p-N j\ ci^JaJ Ju N 
(_jl <dL*i ^Jlil k-J^JaU ^j-J |»_Jl^JI dJJi Jj-va^- JL*jj -Lg-Jj-S (Jr- - 

(—aJLlS'l li| LjI .LojJLa JljJLLP *Uw?J- JLAj-J 5^_*2->J 'j->"I *'J j: ^ 
jlj l ioJL>c_*jl JlPljJjJI (J j . W " j /y^-*-" Uj^"- jbtliix^i Lo g *>l jLijJaJI 

Jaii aJLxJI «Jla ^ii (, jLft^JJ -Li IS" L-L-l j$y_ N J>jLJI Li^iliJl 

.iwJbJl oljj^Jl J dLi % J jj5J ^1 ojj-^aJl Jp JjL?Jl j^JL^j 

ijjj^o s-LSNI LIijXj j-*j ^oUjuLsJI J_p- (JwL>Jl diJi jj5oj 

* f- t- 

C~~J i_jL_^NI dJJb jl jl t£-LxSNl Jj^a^J ifjw>-j <_jIwI j^>-j 

l_jL-^>I jl /,,■> ^.*>j N L*^ .<pj^^>t^jI JH <u^jJL <uwL>- ajL^jJI J 

ciijJl Ala : (JuJl 4jL-">Is lg_LJL~j ^jJl dijj ^ iibi^i jLxi^l 
Jlo jl yt> o-ljiSI tw^*4 U ^jiCl .<l>L2 Uj tij^-bj^flj tiJaL^Jlj 

cjLi*Jl ,]----> ^^Lxi .L^«lj^>-I Jlp Ijijill JL>-j AJ jj-o tLpU^>-j 

LJJbkj J j\ iU^jjJiJ ^-^Jl A^bj^/I Jj^- j%>-j (-_ibj-l bj 

[200] t^^jjl <ul_i Lo-g-La (_^1 ^Lc- *-5^><j tAi tjLii-l Jl Jj_s<3jJl ^Ju 
iiL_ft ^^-JLi .L-<JLp ( _ r -J ^L; L*-§Jw« (_$1 Jlp (%-^>»j "V 1*5 .UaJ- 

jl t is^wS ^LOJjIaj CwlJ^ La li| 4 LgJ Ju N jlji-ll iLkJ^ i^UiJ 
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Jj>w> jjfc c^IjcoJI l-i^JJ .Ajb jlj-ili J! 4Pjj»J>t_»j| .J ^ S AS .JjJJj 
.^jj^jjil^j L*jLvifrl Jj 4JUL4JI jljJiJl >>'■ ■/?,; t^i-Jl ^^—wv^LvaXi-^/l' 
i_-JJLS\Jl <_^J| t jjla7j LiT «, __L*Ji jjJa^J liLJ *-4-aJ «_ r -Jl /T^X>cj "ilj 

jU>- ^ iji J5 jlijjjj jjjwJJI iw&>T-dJ!j iJlJJl «J~vJl J^s^Ui' ^P 

( _ J ip c ^>o La jl jJz- •&jy£ *LoL>- fy^y^ ^-LJ-! 0\ *j* 4^sL>- 

*L*2_p| .,- h - * -^ (jl /j-o / ) -S ; "-U tlUij < j_>-w^»l l ,f?T^'VI ^j_a _U>tJL«J 
(ji>J «j»tj>iJI v^ 4_Pj_a^>i_s C 4jl_gjJl ^J I jj_b>i_> i_Sj^u 4_Pj_<»_>c_oJ| 

.La -cp /w» JiSi <u-^L>- 

JJJi «_4j t La.1 ■-_■»«-« L_~js- LSlj.il <Jli t_iij_<Jl jLSjJu jlJUul 
aJ^o _vi oji' L J">U- ^ (jUlSCxj U.$j .Lih>s^ LlJjic^il oUIS3I 

x^ OoJbJLi !>L>1> (jl ZfSwJ 1- *Lxi .U^lijLiaJ (jlSCal ^ jiaj ,j^£»-J 

i^-j|j^>tJl o\ ij^->-j ^ j - y* -Li-< i L_^S\j <JI <^JJ i /w« JJ^flj t Lo_^_v2Jtj 

!_^\j .K>y-*a}\ Ajt^JaJ /<~jjI IjUJl^sj ^,/>~h Jlj^Jl tiJji /^P Jj VI 
• LjJ>- Ji^l (_5^ tA-JUl ajj-^flJl ii^L-" 1— >l_j^Jl (jl <j&_p>\ 

il^Vl ^ 4L-*~i5L»JI SjjLaJl ( _ ? Lp <_£.>L>Jl jtJuJl i^jU-^ jux*j 
olpj-o-><_« ^j L^JUs-^^j (_iilj^Jlj *L^i 2I ?-*->■ (J^ ■^-^-r^j-*-^ 

/j-P ( j|j_>»JI (jji jJ (jj->-J a_»_?tJ| (jl jj^Aaj C 4_Jj|Jo ^_A 4_jLU 

iji'^JI ^y-ljJl (5-^1 oli tlJJ «?liU ^1 a^JL. 4jLL«» tJlj-Jl 
LaL«^?- ^jxJl ftL^Nli .j : Jcj <uLtjJl cjLj*>Ip (_^a»^ 0' ^y* ojjj (_gN 
L» ^i 4jtlx>tjo ioLp j^»>e» ^a ^»j>o iAj /_a 1,^ ... tfi -tpj^iw^s^jl ^ 
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*J3-x-a jl? L>_ij .oJjoj O^lJIi L* Oj j^Jlj JUJ_>tJl oil-; JaJL?-j 

jji c dlii fu>j .l^le- ilijjb*^ ^^Lj oIpj^j>«JI «-L-x! jla t ( yi*-Jl 
[201] ^ oLS^-oJl ipj^j>«-« ^ jjU_«Jl JuiJ jli .Lg-^j U_J iii-l-LuJI 

(JJ-JtXj SJjJ^>- 4jjJaj f j^Xj ^3 L> _Ajj>- Ijji (_£^i wvsU-*JI 4^-j^_?x_4 

Ji« ^jJ^J Uj^<i IJJ .^Lo^Jl JU J5" culf- cjIj,^:^! ciLL" jli 

jl I yj^-j jX»J jl oL^-LLa /-o IjLa ^-~J t o Jj JjstJI olxjjjjl oJ> 

oAaj .L»L»j /^ojssLi^o (JjL-JI Lo_^jUai»- ^ til? jIjlUI Lo-^j c4JL-^> 
t^Jjol Lo_£jlk->- ,jIsLw« AS" ^i L^j jj_*_jlSI As*oj*lj ;J cjL)j« .,^ II 

i i^^>|j cu>t~si?l I4JI /,-« jv^-jJL to*ASlJL<Jl oJla Jju jl 

^LkiJl ^ ^jLt-Jl {j,.fii*Jd\ jli t^^jjJl UiLaVl ^ 
jl) (fj-vaj^)) U_L5 ajJ^lJ Ul» :Nj^j jl U^iiUj ^ jUaJ^I 

j^oLcJU 5iJo«^ (3^k; («5^>Jl i5y>JI» jl t«v_^^» j! t«JaJi-)) 
J5 L^JL^^»j Aj->L^ oJ Ji\ L>Ju jl ji^ ^ U_gjl ^1 . i^SlI 
^X^- j\ L> .g.j,"^ Jaj AP-L.,f?J <iJl^ jj^o i^Jlj c l^-.>aj iajjiaJL) Ls-^> 
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.L^-3 -*S^*U^u ^jI oLkAJI Jj^JaXJ (JjL^ 1 
JJ ialvil .<Cj>c^jjj OjLLti>-l Lo^-« ( _ r ww2j«jl jtJbjL^s- ^ilJJiS'j .oJ^-lj 

*Liu*lj i Ljj-ii Lg-~«-4J U_^5sj ol JU j( <u-wajJI (^j^i^j^ tj^*^ <■ <^J-J-5 

J jjSjLLi *-jJJ cLUij ii»^ji CUlL? jjj i.*JU^> \jS*j\ "y *M£*j> 

L_$JL>- jli tdUJU i^ju5j .t-ojJiJl ^-si-Ul jMi>- L> ^jjUI 
jlS^^^ij Lo^j^j .XS'juL* Lj-^J«Jj t^^JuJI L*^«jLp Jajcaj tiw»»JI 
j!jlL« t-sLl^l ( _ y Lc- ^jilS ^j^\! jl '—^i 4 _tt?^! jIJlLJI dJJi ^i 
tSj-iLa c— ^J ijJJa^Jl oLjJLJI ji ^J; .U.ji^bi-1 a-jLS" jj^- ,, ; 1jp 

^-Ll^l Jj-^1 «Jl«J L^JjJL»- < i^j U Ijil-ij tULoJ ?tL^2j LJ Lgj^ijjtj [202] 
.Jws<a^*j /J Jj^cJl kiJJi jl *-£wiJl ?-L\iM jl <J_p^> 

jl jL^ajVl s-lkijl ^ t v r l^ J r-^Jl jr^-V ^ ^l 'jU^xj-Lj 
oli^S^I UiUjLj . (17) 




Willard van : ^h^ yt iUaJl oli «^Jl <jAy <XA l _£Ljy&\ jJUall (17) 
Orman Quine, Word and Object, Studies in Communication (Cambridge, MA; 
New York: [Technology Press of the Massachusetts Institute of Technology], 
1960), chaps, i and ii. 

j^p Ju_)lj .is^J.1 iiJLil *JLt jJ*-' tS-ill jiLxJl v_i-^>j j* f-^j-^' 'J-** <-S-*-° dr^ ^^ _>^ 
Eugene Nida, «Linguistics and Ethnology in Translation :_r!a;l t«_ r J-Vl ikiJI oJL» 
Problems» in: Dell Hymes, ed., Language in Culture and Society; a Reader in 
Linguistics and Anthropology (New York: [Harper and Row], 1964), pp. 90-97. 
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^jjJJ \s-^yj>y> j»_^_1pLoj>- •jtj U_3 >_jlk>Jlj Ji»-ljJl L^iLki*- /-u 

cjIjLjJIj oL>JW ,/><JI jl LLix^o jl iajIjJI J U, g '. £.<>_> kuIjlj 

«Jl* Ji* ajJjj "if ^1 cjIjLjJIj) .oUL>j>J| ^ L> oLiiLJI J 
.(Iaujw l_S^Ax>-Ij 1 j.itwj <bLi7 .►-'Lwxl J-£- 1$juj>- J ^S^~>_ oly ■/? m 

iJjbt* J aSjlL*J\ v>jJ1 L_$jL>- ob^x* J) bjjo jl <iJJi Aaj 
L_i*ixSli jl Jl>-Ij AS tjSLojj . I *.friySLij> Jle- »j../a.H f-LaJ^I <usU<?J. 
<UjL>cXwuI OjSJ *lj»« <u l J> j*-i_ L>wUp <jji_j J>- jl sljj (jl i*^-*-' L* 
/"j-i (j-^ ^jLa^JI 4_J Lw Lcjl*I lilj .4jLL>*_* <d i^>L>Jl ijjJ«_Ul 

*_a 1 o j'il>loLu3 1 j J-^*" jl Uai^J AjjtjXJ <bl J^- ,*-£»l*jl *jP iijjL-Jl 
ojwu 1 i ^ ^a »-i iJjJL^j J ... V L H J-£ /jjj^Ls L>c-_ v aj jl tj-ajjl jjr" 
<uJj J| Lgj>ejLoj ^r>- jM 'Sir*-' < *^ > ^"r^ Ji>-lj JS" JjCwjj ,1Jj>- «-L?- 

^_^>o U jl) aUslXjL /vi-xJl 7-jj-« ^Jjtij Lo dUij .4X*Ju AjjiaJl cLUu 
f-UaiJl J •^S'jLL«JJ ?*-«~J tO-*jjJ U b| ii*j>-jXJl jl L»jj 

y ft 

oL«?- jw« li>-i t^ajtJI La-g^<aju ( j^- <L>LjjIjj t.\ypj>*j jl jUaJ j/I 

cSui ^>j liij ^uJi Jl ^ix>o N ^Li)fi ^ .>! Ji ^i> 

[203] Lx^J jlJj^Jli .Jjj>cj ot»xj jl J^>*xj Jil^o jV <?-L>tj ^-^ 
•\_f-y» N[ *%>\£ \S\ji\ <6j3\ |J *^o j;^ Ijjuj t^^ujLku 

^Ju-I JaJ <Lg-?-j jL; <lpLJI «Uj«_^ Jl?-I f-Lil jl (_$jl Jlj 
IJlaj .e JiJ if^-j J^t- J>«J jl <«— <^>«j itLUJUj ; J—^l («* «U^U>JI 
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i?wj jl (JjJ«J ■J^><^» J-^ (j^-*-; j-^Jj •lSj^'"^ ie-j-*j>M-U isLLi 
jl _^-^l JL>.JuJl *_Jil~~j V U-wU <jiL> ijl>«j ?y^> ijlJuil ,j-aj 
\$.o4 a" J-a^*^; Lf^-s^j ^j^-^t AjU LJU' 4 <w>l>Jl 4jL>Jj 1? ,/? oj Ig d ,/m 
sJUJ oJuJl>Jl jliJl 4-fc>-J C-j-L U IS}j .l$~*4J AJijjiaJL) jlxc-_^>t*JI 

S^iajJl jLs^aJl 75J>xJ <— kS Oj^l 2 ! JjJiJl » ^'S^Ji .4_«_a>iI>- Jb>-jJl 
i_j|j^j j> 4JjJl*jt> t^i (_^li 4 ,*-L*jI Jl (V <J "^ lJ^ tSJbJbyJI 
<JL>-j /^a <W?L>- <i ' j g --■■ jJ^aj iSli i- n -a J l ij jl .<L>«-s<9lj Alsn^aj 

<w>L>JI olijjLoJI JL«j Ij^*^5sj *j (t-fj j 4 u-> Jl>- <ll$-«JI _j| Ij_L>o 

tils' L$_«Jl>sJL~J ^yJl cjbjJ-^JL 4_c>L,/g a. 11 7t>cj»JI jl j^ 

^jX?- JiVl < _yic-j 4ol^ ti<wl>- c^J Lg. ftj <l>_^aJL) ^Xtf'j^^wJl 

^ JJ-Sj .4-si>jUjUJI ol^jlkJ! jjJaJ J^'j-* (V° '^" *r^"^ ^>- r" 
oUjLL. (Jl *j>JJl jji ^ ^i^ A^Jl ^ <+^^ (j^ (jjJJl ^ 

^>Lij>- o^u L< LJLp /j-^-ll jl ^j .<u^>-^Jl La>^>tj S-JL^M ^-Ijj-^ 
w- 1 la ,•».« ^1 ^j->J-ll jjJi ^ ci>=r^ ti^-" (Proust - Berthollet) 

«- fr * * 

^^WiJ V »-^-S oLj-iJ ij^-j jl* t « . la ILj .i^sjL*^Jl ipj^jje^JI 
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[204] jli cjb- (^1 ^j .^pla-H *_LJl j^ 4_si5 ^j^ ^Aj co^J-f» 

^Jjti-sj ' L .i L S' (*-*•" jJ -Vf'ljiJ ■i_^>"J ij LaJlj O.Jj^j^> olyg.tt.ll «J»c>JI 

<L>«^- c '*l>sj>cS\ *£\y p-* 4Jl j-A J-^a>sj (_^JL)Li cciLii *_<j .OjljJl 
4^>-jiJI //*-ljJ (V* tSj^~^ ^r"^ ?r.>m?" i cLu-X^ <uL>JI O^ ,-Jj 

^Uj jl <b AjJL jl ijiJI ^£a-J ^JJl f-jJl ^ jj^J JLiuNl dUij 

^i U 4 1? a.'i JL^p Jc^— 4JU hJJJS ^ Utfj-f-j .oJUtf illi (U-*- 

i*Ul J*-li t_Jl (jJ^Jl *J'J 4ki>JL>- JUllMt jl 4^^-jlJl <U_L*J iA^P 
viols' Ub3l \jCZMj> 4~Ju Jj»o jl .(J^~* jIjS JUcjI Oji ^ 8-bJL>JI 

IJl* Ji»3 .<da^«j^<Jl ,^£j|j^» _* j«-xj1 LxJLSLwa jl <u r ujjl 4jjJiJ! 
AjjI li| n_->jlk«Jl Jjj-^dl ^SJ '^^^ IJjJi^j sjUx^-I jJj=- J^-jJl 

/>Jj^LwJ jl '^w*J ttiLli >i_«J .4J^ ^jaLjJo C^LjO jj-S^J (jl ^J 

tijwJ^s-l iijj ^ L5 ^JL>-LS' dUi J-«.jL-.o <u5l! <.3Jlj_U>JI ^.la.' II 

.^-ijL- ^Ju^l LjLSLu i]Ljfc OV Nj aJ jijXj -J ljL>- LajLipLj 

Olc-j^js^o-il iajjiwO ^j| jiX4j 4J2 i. n-^L^S- -y j^JJCj J^aI" aJl«J«3 
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jLij-^U i^?-jJl e-jLw^l jiyj .<>_jyS\ aJl*-*S\ ^ (w-JUJl r^y> 
LiLi j^jj <JI *uj>- jjI fS^±j .ajjJ^- JLj^>- jj 1>-L«j J *>ex1j ,*-s'j^ 

^a^tiJJ iLli ^p CUTIS' 1«*£j ^1 tiw-vfljJl i^s^l o^Lp^ Li-|Ju» 

^ t >£Jj .Jj^^JJ L- <L*J <jj_£j jl Jo *y Cj-mpI^JI oJjJl ^i 

4JlwJ1 ^ys ciiiJj tJj^tiJl <jMSwj ^u^^Jl Vj i^w>-jJl c_jL~xNI 

.^j-J^Jl jJci\ j* U-^« Uji ^i: ^^J L^^jJ Lip ^1 

^^Jl ^JUlj Oljjill -6 [205] 

(_£^_>- Lj-S <w>L>oj c <l~-~j iSj* 3 -* *-6^~J \j**^~J •^-*-* • iLiJl (V» 

<bsL>wJI ob^iail jL=aJl (J I .aL^j^I k_jL^-l ^jip Wj^i> ( _ ? a1j i<^-jXll 

U-fr'-j eljl »^Jl illj-ilj .4jU1>c^ iijjtl oliUJj oIJu»tw> f-Lapl Ala j»Jfc 

lj • L «- , '-*_aJI (V° /c-^*-*- 1 ij^*" /J^ - JL> tSvj jj /f«IPj^>^s_aJl ijl J^jSj 

' - B ' 

.L~J i-Jij^Jl dUi o^j Uj_^k;j 4iUill ^U- iiljiNl cUJi jlL» 
^s t_>hSol jUj (Jii-I ^-Li (V <L~~Jl ^j>«^ jjp jj5C> La Jl*jI JU- 

4Pj^>wJ f»-^i| y 3 ^ *-"" lil 4 a j j\a1n ll <»aX*U /-_^>jL>_aJI <jl$ .L^jjj 

.cuJijli Li" njL>t>l jJ^»- 'u-uLd Ijj^sj pj* toU«^i ^ j\ 

ry> IXo^u^jt Ajjiili! jLl?-l olijl ^S LgJ ii*jC«a ^1)1 /«-»i!l (31 ^-«J 



Shapere, «The Structure of Scientific Revolutions,)) j tj-jj-j i!LL« jJiJl (18) 
in: Criticism and the Growth of Knowledge. 
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*-si>j (_ S -L* : - Oj-*UaJI ajJ_aJl jLi 1 1 ./? ■>! j^-^J-^-P /j_a C^j-'"' r"^ 

f-lj-Jl ills- ^gij t^j* Lfi_?-j tot-^-JaJl Lg_«jJjJ ^jJl cjL r >tL^-'yi 
jij .iw«_Lp i^j^^ws i\ji] <jjiS\ -Up jJa-w-^Jl jLa^JI i^»JJL5\ 

^ ajJLiJl eJLft uLSLLkj d)M->-j (wiJL^-i J_ai .^^J-1 <U-J <_£l AL» 

^Ij .dili Jj^jL N (jiJl dili iijX^ jj^- Ijl>- Uk^ jjSL^. I4WJ 

Jj- l _^S- ojJa!I ^le- i _yU<aJ ( _ J ^I t^jJUJl ^ LJu«tJ\ i»^JLll jl Jjzs>\ 

4JL)_lr>cJr <U-oJ-*JI OLm^' ■/?"*>- jH JJ-«J /j~ 4 '-> Jj?* 3 " 0j^*-*2 L>tXjj 

Uai- jU 4 Mi* iuljJl ^w.jJa.U iLJiJl ^ iS^JuJl L^jj^jI ^y> JIjcjI 

< «3i_*J (»_^<jj t_j_^> ; *ljj-'' (cJJ ^VH *J' (Jj^ /V ' <-* (j v 2 fr '4'-£ J 

Ujj4 L> lilj .(ij-^Vl <j-a aJ-?>-ljJl Ujl^ ikjlyuJl oLj-la-JI 
I -Jo /~JL_> JL UU^J jiTJiti XS- ^yjj\£>*ja i. Ob .la,".)' aJ_& /^ /^Xj Jaj 

[206] is 3 : ^J_, L« liJUS Jj^2j- ^ L*ij y5^l j-j j^ j^5L~*j .5^ jl*_> 

aiLaj -j^^sV^Cs- 2 I SiU j^j jjljjlj CjJkiol j---^ i^?L>sJj tj^Jjl 

LSI ^a L«j .L^Ju>- Li { j^\ iiLjit^J! oM^-l^Jl ^Jlpj ti^^Jl sL>Jt 
Oj£Ly~s ti^wJixJl oL>JJ ia-^Jl oliJoi^Jl j* 4^xj c < sjl^JI IJljJ UiJ 

dLygl .,ig«y-l a^> (jL-J^/lj ijjJ-LoJlj tilaL^Jl AiLa jv^ (Vf- ajL^f- 

tilJi J-sA^ J ij tijikJl *j!j-2JI ,_jA ^-~J *jlj-ill iiJUjj -tij^l 

^^jJUJl jjJaJI jU cC-Lu5l lili .1^1*5"} iolS^J j^o ^iju j,^^ <"^ 
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dj& U UU- ^i cLfJ jJaJ ,_jJl iii^^Jl oLtJl ^i cjL^p-V! 

Lil a-Lv2-4j (_$Jl!I ^^jcoJI J>yu jjbj t Lj**J LiSy tiUi jj-Jj .4J.iL* 

.^yJjJl pJixJL f-bxil j^j (j»j-« 
<_£jj IjLiJJl ^Vl ^JLiJl ("j^jUj jj_«i iil ( ii_3^»Jl IJL* 0' j^ 

»-o- ..J La LJlpj .Aju-JaJl .ail^aJ J.,^>M J^-*- U^jI L|J3 /f^J 'Lgl^-J 
fi*J>\jj .LgJ»a i— ijLiu jl 4JiJb>JI /y> i_f JUj «LiL*la C->L JaJ j! f. w»J| 

^^JLp 4JLJ4J «(JjUaJ|» pj4-&* SLajN c5^' ^*ij^* ^J-^ -^J 

C«1]La L*i1j» Ala OljLp 4pLv2j Aj^.'.H ^ iial^a <LL^ Jls-jj 

ijjJaJ (jl j t jja .ijl ijj-liJ j^ /j_^c?-l /yj-^J IS-jLSwo (1)u iJlLaJI 

J^J cjIjjI \^>p <L~>- ^ dJJJj '^je hj*^ ir° J*^*' oi^^i 
li ^-^JjJajSl j^kdJ UUjI L4JU; ^ ^jl N ^ .oL>o-Vl 
LoL*Jl ;Lw_~jJ| ijjiij jLi 4^,-vXjJi ( _ J JLc «Jj .^alg'-.a (3L*Jt <i'>lp [207 
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■LL twiij^Jl di!i ^_is^»j ^1 ^ *i:> <_£JJI ^^"^l (jy (v-^-jJLjj • LflS' 

lil iJjLLJI jJj .IlWU- J jJuj 1,-a.^jil jLi t«u-gi (V^-o-; i cr~-> 

j^io ^^--^il jL-J^I jl ^jl ^ ^li (.a^^jJLj t_a.A":; <_ASj^Jl 015 

.ajJ-*jI jAsjj 'UtjJajl •?- .JL) <?-u>o ^ (_^l 

JLOI ^J* -7 

Mj Jju> ol£i ^Ltll L.1 tLjLi JjSfl J^iJI ^j jl5j c J~*l\ 

* * * C- f- ft 

t^jUSUi A-i Uj I^JLol Ujb^AS'j .L>Uj UL>t« ol£ L*-^ LI ol jJj^pI 
^V iS*>Lp *V jL LJlp tji^l ( _ r Lp <.L 4jL>lju*I ^jjj j^^ix^j L> 

L> rjljl ^-^ (_^l t _ r L s ^*^l ^j-Jsu *ljji ^ JJi jiJ Ji^N -Li! 

IJLa Jaj>-jJj 4(_5jLj«_oJI la o *. llj ^.tf .^jJI la.o ".Jl L»_A ■ ); I^ < J • ) _o 

c_-L*?jJI jVj U> JaJLi-l ^L jULII (j^xj *-£-j -LiJj .IJLa It* I^J-xjL 
Lj lo : 11 l j r e- o-p-^->- dJJ-L <_L4j 1 4_oj->- jJl <LjL-*_«Jlj (jjj^>-jJl 
^-sii-tj N «Jlj>-j_.» i^j tjLojJl 4_LJa o> j _lj>=_<JI a ..a-.,J_aJl 

(19),, 



oliLwi i_a-JLxSl ^^^LuJl 4jL**>LjJI ^ jjlp iJLw&j . jLC« J5 ^i 



Paul Feyerabend, ((Consolations for the Specialist,)) in: Criticism and the Growth 
of Knowledge. 
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j_Uj *>li . La~>j L^-ijjL^>l ^jL^jJIj ^jl_«_<Jl t-^uj L^_>j 4-0-g- 4 

jl ^gi Uu-Ij iiJ^->- SjJaJ ^Jj-iiJ ,«-!} j-w 'J I jj^j (_ S ^-Sl <— iL-v^^l /w« 

C->IJ_fcLL<JLi O-JLsjJ jJjI jJaJjl «*-f^-j /V^-> JujJJL~J ,»-li .^Sk'. <v 11 
i3j-LJl LiLi^V Hj^Lj Eli! ji^ij" tf^-^j ,_^l i>^Jl <>" *LrH Ol 



Stanley Cavell, A/us/ We Mean What We Say? A Book of Essays :_ r kJl (20) 
(New York: [Scribner], 1969), chap. i. 
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J^ j^3 ~^J cH ^J cM 4_ih^ £jf <y* u?)yr '^J^ 
*-g-iN dUJu \jy-^> i—jLxSsJI ,»_aJL*_^! j-*-* liJLP d[ .e-'UiCJl IJla 

Oj^aj Lo rt-fril Ulj .*JL*JI (_5ip l*j-^> ( _ S ^L; ^N ^^-Jj tU^jl (_£j-=-l 

iL-lj UJ*J ^bSJl ol>j>^ <jf ^ dLi M .^>- c^UJi £• 

ol^xiil /w« <LiLda "U^JL* ( ^»J-*j! jjjajjl ajjj^zj ij^U>- ^ lLDJj 

j jJajJ lj <■ j j -'-aJlj 4 jJL^j-oJl j 4 4_Oil jj>-jj-a 4- fl . , /> j LoJLk_Ls 
oljli ^J| f> _ r ^ilJl 4jjL*_<JI j»_^j|ji! j^o ^ jl5j .1 ^ ,..a'i iL^jJaJLj 

LgJjJL>- ol p-**\j (J-^-~-i "*-*-•-*■£ ^^ (4^"^^ ' (_r^H J J^"* l f J-*-*-^ 

4 (_£.il« jl>sJj *A vi»j>- "jA ftJtJ^ljJI Pj^JLaj .4ji-U>^> 4-«j Jaj jjp?7" 

4 JLL.JI ( U r ->' ( _ S -L* i t ^j-l'l L*i_j .oLj fL^i j-* i -^ > ^r*0y J Li* ^1 

i — jjj-wu "VI j>j^-iUkJ aJsi^>c^J|j sjjLJI oLjj<-y2jl ,j&*->. Jljj tj£-*-i ^J^ 

[209] ( _ y U L^JJ^lj ww L4JI ^^U l _ f LSLXs)\ jjjjl ob-^J ^1 ^laj lil 

wjJLjMI ^ji JLfrljj ^ya-*-; (J--LJ ( _ s lc- 4j>*X1» cu^vJj (_gjJ»-"y I Jll« 

(21). 



Thomas S. Kuhn, «Comment [on the Relations of Science and Art],» Comparative 
Studies in Philosophy and History, vol. 11 (1969), pp. 403-412. 
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t-J^il LgjLiJ iSj^^ uj2&~ (_?* jj""'t *4->~>J 01 /r^-«-i ( <^-' u< J' jjo'll 
l5 1p (JjJLlla .IjjL) li'jLi^l (willies jjiaJ *JLi l^jxjl^ jl5 U^ 

4 I* jjjaj v^a £***-« djajjj Jukj Ji^l (J^J 4 >» &JLkJI jl> ; JLtaJl A-— 
L_^4 LSai>- 4_LST ^jSo *J t^^s-l JjA?- I4II0J pJJcJ N AXjjlaj fXitj 
oJUfc jj^a^ c_->ki>3! i_JIJUI Jb-I (1)15 Jiij .4jli *JLiJl JjSC Jl jj^^i 

^— ->«-J 1*5" c4_^_*mJJ| LgjjJj .J-P jl t QjjW.ToJI fjJbol jJ 4_^jLx«JI 
,J- f ' J-^>-jJl -*3U>ijlj J-^-jJI jjfl o>cJI /1 ^ a v? v ,~*X£- Jj>tl^ c-Lvipl 

^_ydJ i^UJl o> :; lfllL) JuJU' __ r SLL5 j\ .j»_aJu5-j Ju>t^<Jl JjJi J^-p 

AS* y*>zA Ajt^fiH (_$Jil (*-?^ fllioj t^jJ^S" OL^S- J(l (U^JJ t Aj^aJLwjl 

{y> iSy^' 7*-**^ i_jLSCJ! J ./> !><j ,j\yil\j ojj^I <j^>!jXa ^i V*-^ 

LsAjSj 1*^= L^JLSJj i s_L>-j -,Jl*jl> <WJl> ojjj-AJu C C^v-J AjI.} pj-"' 

cojjfc *-L*jI 5^»*>L« "jS- <l<>jL*J (j^-*j L«_« j-^^ jlJJLa iibjkj 

jj^jjJ 4j>-L>J| ( _ r L* JjJl^jJLj iL-iUhJl «JLA C-J>«J^il Jij Lai .I4-LS' 

^j-s J^ aj>-L>JI ^^Lp juS'IxJL *^L- ^Lj 4-JUJL3 ^LpL^^H ^jJI 

^ iLtiuJl olJb>s^»JJ jjLiLo ^ji ^1 l *<_£■>* J^ i\l^J tJ-jLa-" 

Uj ^yPUisr^i IpUiII aJl^p ^ Uj ^^jaIp j-jP jl ( _^<JLc' '^x- 4 

t— aSj^j *Jl*JJ t>L«l5 U-p o| ?<; 7-j^>^vw<Jl _^p SjJl^JI l^jsij <— ^j 
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[210] 
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L yJCUjjLj}\ 1-lLAjji 



Jjj .^Ij^Jl iia_^ljj ^j^ j-* : (Perception) ^1*- iilj^j 

(David pj~a -4-^j (John Locke) ii^J dyr Cj^^-j^ Crfj**^^^ 
jjL^a^Jt ^Ij^Jl Ij-xpI (^jJLUI c^JLp *jLJI Oji-ll j^i tHume) 

*Ja^ ^LsA-j 5j-jJ .i^-o ajL iJjJ AA^aJ JJUJl Ul .(Empiricism) 

!cjLuL-5-I jiaj ^^>t^ 1)La U \£ jlj t«d i>>-j 

^jJcJ jj »JLJl L^jLIiS"! ^1 i^^l ^ytj : (X-rays) 4^~» SJLil 

N L^J*y 4jjjL>«iVl ^yi Xj iojjtll ^i 4t~r" u < -^r a —"J -(Roentgen) 

^Ip ^ Jj^^JJ jlj^il L-* x_> ^ jlij^Jlj i(iJj^>~> ^1) ^__J 

<»Ji W ■/? 7 L>aj^> Ju.^?^J Sj-aU? .'(Reflection) *j-aJI j^LSLnJl 

7T L> ...j (Rays) ij^Vl j^» ic-j^j^j ^ 4^Jj_o (Beam) <u5j-J> <u_)>- 
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= (ijjjJl iijlj) i :cw c^lS^nJNl Ojjli lJjaj jj-lli SykLkll 



t _ r .l5Ujyi ^k-. 




AicJ Ujup Ju>_b»sJ aJj-^> ayklis '.(Refraction) «-j+ai\ jL*&l 



ijljil f-U-iJI 




4_P 



>*^» OjS AJ-c- ^-i-olj-Jl ^s- : (Paradigm) *-*->s\j^ 

^jjU ^y> ojLp olji tj»_LJl ^jjLJ ^ o^^ 44^-j ^^i j_* jj5 
Jl>J| ^J\ Lc-jJ li*>b3~l jp-Nl ,jp LaJLp-Ij i_ib^« aJLjcu oLJu^I^j 
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■ pi h ail Lg_> JL*-> 31 oJJL»_a <U-*51 Ji 4_J_o_f- L^J>Li«JLij aJLkJI iJ^JJ-* 
;»*}L£oj t 4j («^c- t o Ju Jl>- 4_^<Jlc- 4_> JaJ 4_>L> 4jL/?j (_$-J*JI f*-*^! r~lj 
L0L0J t4JL>L* 0J2J ( Js- ./?ttj <U»..W)lj jiSJl JJ oJjJl>- Jaj t J>-l 
4-^a-^o La LJLm jj-S jl Jj-SiJIj .4 ...xL^-JI CjIjjJJI ^J A ./? >^J Lft-S 

4_>ULxjI LJLp 4 a^^Lw^JI oIjJjIj <Lw«JjoI ol lajjl /--> La sljlj^JL 
cjUjI L£jj U^-JiS" J ; ( Jij U SJu aj\Ju^\ a>-j\ /y>j .U-^Uj <_5j-«JI 
*jUJI x»UaJi Jip ^g^ajc^u (Anomalies) aUsx!! ^wU- oNU- Lg-J— j 

^^Jj £_oJL>^JI ^0 *jj>- j_* ajJ^Lj (»J-4j j>» tU-fJi" Jj -LfJ- 5 " 

^3 -L>-L>- /»Juil jj i. <U«L~vjl J •^i'^T f"iJ fraJU Jl ll^Jw) J J 
iu> J_JUJjj SwijJL>- oL^^l* p-j^XJj -a j(1 g"; I ■> g ■ IS j<5j • (*-*-*-)! 
oLojl *Jjj jl Jl JI_>sJl j^JL^u IJlSL&J .SJuJu>- <Lw»J_C- jl 4-^»L-^ 
jj_v2-XjI *_a -i>jL*jJ «_kjil -Jl 0j3sJj .5JjJ_>- oljjJ jjsxjIj sJjJ^>- 

ASyi^S jlj t (Reference) i^-j^JI ^ i*-JaJl ^jju ^JJl ^ytiljl 

jl 4-» :; laH J iiLjo Jl?-jj La *_a 4_a_»l lata jj_So jl c_^>o i-w-JuJl 

«wii (^JJI j-*j toUjNl (_$^j <_£JJl j-$i i (Scientific Community) 

IJLgJ i^LlxSCo (.6^^^, JLp ^p j»tA5JI U>I .L^ii" SJjJb-JI 0IJ2JI 

t^l L>Jt>^ jjJaij (vJlxJU ..u*U ^tjlS" j^i tiJIi jl ^^JuJl jjJLill 

.ouJ<-ol j <u2-»ljj t LpLoJ1>-I 
^« ijjikj i>^^» ^ JJL><J JUj SiLpj : (Verification) Ji»sJ 

tAjjJajJI f-L^?-| Juvaij . 4_woJuol C->Lwvi>jAil /ys A^J>ji j\ CjLjJaAjl 

?-jJ> i jLc- L^jjJi jL»^uN ajj^Jl! (Implications) Lf>^Lj J0jJl>>Jj 
c^Ji jl jlSLo J LgjjiJjj J o->>i^J liLs .L^j iiLcuJl ^IjJiJ' 

Jjij j\ c LaJJj«j U CjJ^-j AjjJaJjl jl dJJi ( Jo«^>i t LgJJblj ljJt,\X> 

.L$j\y*t3 "y> Lj1A>o Lil j\ L 0-Si>tJ L^Jl 
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L?]y>zS^S\ ^_w>Jl \s>j~» ^ SiLjJl jjs> : (Acceleration) £jl~u 

(jJJl i5_pJl -Jlp- J L^» l^>ji «iis^2^Jl Ijla (_gii Jiij .ojL-Jl5 
: iwJL^Jl aixw? ;_£ jJl jjlill j J Li] Li -/)j_^J ipLkd^r' *-!L*JI a^UI 
jAj^Jj .pjL-xJl Sj^\i jJ-fr t <uLp L>jJLi L> J t LiL f = ma 
JLjLj (Deceleration) jisLiJl ( _ y «-w. j f-jL~Jl <j~£p jl Jl ojLiVl 

<. Lij_<i_fr 4-uL^. L i- M lI-)L»J k ,/?.<Jl ^o jjij : (Concept) jj ..^ " 
^uJsL^JI ^vxJj ,2j5saJI l _ ? ^*-< ^j-*j^" -^-^i ■Lygj -itf >■ J j Jal^ JI (*-Lc-j 
! L>_* jj_Jj«j jl jf-_*lA_a jj ./ylLi jj— w>^...t |V-*j— P />-« j-^' (Jj-iS-^J 

:jLtJl J~— > <jL*i .(Extension) (J-L^LJlj t (Intention) <»j^_i<Jl 

t d-il JL»_>JUlj 4jjj>JI iw-J>- JJU CjLw> /_« iwAjLu fj_£jLa «J JUjJI 
Jj-^l Jj^LJl ( _ 5 1p *J& iik> J 4^aL5^lj tijjyjl 4jJjL» -_L$cJlj 

iJLC- jjfc (JjLs^U <d JLJJIj .iJjJi j^J ck— yuJl i jj3^y\ jJ>=JL! 

oj\£ jLS" j^-^Jl IJla j>Jjic—l j^. Jjl : (Falsification) ^-iivi 

( _ ? ip j»jJL (_£-Ul ^yoJjJl t-l^ii^Ml IJl^oJ A„QBij ajjjj j_p cilbj 'jj>; 
yAj^iS ^ J.,-J7..v->Jl y&ljJs> jl j (CoLj Lg-aliaj aj> , , kJl jl jj-jL-I 

^ JaJlJ <UvSLv« oJo-lj Sjjfells -i-=rjJ j! <_r*^i ^ j^J-i is^J .,-^UjI 

. L^kLL-J k_^>-ljJl j-a Oj^i ^>- (If! 4j-L^> (_$!) 
Jij .^^AJl ♦JU cjUtlksAa ^ 7tiks^> :(Gestalt) cJUa.. i> - 

^j-C- rt-gJLs^l ^.i jLJ^I ^-oLJl e-Lj-P /y> iJ_P aJl»jCL--Ij 4_PJCol 

jl J iLjj^ o^J iiljj)M <JL^p jl IjJl^j jl»j .iil^l 
.JisS" ^j^ Jj 'IfrjVsr l*3>- jl tikii ikii Li-i i5j.u ^ jLJ^I 

7-L^J *y ^1 l J ^V 7 J}\ iiyt<Jl t y^t« J^ijj : (Intuition) ^Jt*- 

.A»^J- j! jia> y jU^ Jl 
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jJLp tpL-* Cr* ' -V* : (Conservation of Energy) iiUaJl Jiij»- 

<-tJS>-\ ^J>\ ~*jy ry> dyx^J jjivJl ^ iilkJl jl olSj-aj ^L^jjJl 

jjfc ,_H*i iflUaJI jljJLa •jSj c Ia j-^- j LA^y-j 4 <lo j_*i> j t4 : ^JsLi^j 

.oiLj J I jL^iA) jj.S -yA I jA 

Jjt?o (_$JJl ( _ g lkwJl jIa^JI Aji^a : (Circularity) Is-jAa iaL» 

A-yy^ i_J~*^ .<uLa_LL« /_» <L«JjLa ("U^jt— 1J ^1) AjLj| i JjJJa_» j-A L> 

jl U-> : Jlij (.4)1 ij^r-j ^Jlc- j-*^ jl -^=-1 jr" «— ^ ^j • <Jlt«Jl 
lil (<J>\5 aj>JJLo) syry ^ J' L»jj (j^Jjl a»JlL«) zyry jjiOl 

!jkJl i=JUI ^ (Fallacy) 
^jLo-jS" <.*£ ja .s-Lo^Jl j»JU- uUJk„ff< -^ !(Acid) ( -i*^- 

^ /».».,.?- j tS0 4 H 2 «j^<_~^>j (Sulfuric Acid) dJL-^j^illl u ,^ «. >- 
^Jjjo ( _ya_o->JI jl Jl ojLiVl j-b>*Jj .CLH <ck~^j JLjjJlSJI 
c ..!.•» liLi .(Litmus Paper) i _ r _o_iJl ille <jjj ^^-—j L» ils-Jj-i 

l Jjt-*3 i. -*tS-\ j J JJ C-J*>oj ijjj-j' wlb Ji-a ^-5jJ rJ^ ^-* 4-HJJj 

i<Jjjl ^l LgJjJ Jj^>J lijj . i jji*j>- y ^jjXajI t Sj^j\ jl dUS 

ojLiNl jJl^Jj .(Base) eJ-pli jl (Alkali) (^jJLi Jj-£j t-^iTj-oJli 
iv?Li- L^jul 4 <Sy~\ oIjL^pI Jl AiL^^L t ,/» » ->- 1 1 jl Jl l.^l 
^ L>Jl« /^j J^JiJl x^o -JlpLaj jl ^^Jj . JjJjJl *_« <uiMp J 
+ CLH dLjjJLSai U J^^ :JUlJI J__^ ^^Ui .*LJIj £>L.Vl 
«JL«) CLNa Aj-j^j-s^-ll "JjjjJLS" NaOH Ajjij-^aJl oUU (jj-UJl 

H 2 *L + (^UWI 

/*-^j <_gJLJl fjijj\* ^JL»-!l ^Jl i^ : (Darwinianism) iJujjljJl 
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•jS* LU (_£^JLJ| 9 _y^\ 0\ ijjJiJl jAj^-j .f-j£sj\j jjiatll J *4j-k> 

• OL-J^Ai Ujlw^oJl JjlsxJl; djJtf ^1 <UJjJl 

^Uaj^Jl JUJl <u^>l (_$JiJl Ju«Ji ^j : (Dynamics) ISwalui 
j»-U- /%— ^Jl ol otaj^j : (Inertia) ^IJJI jj-^iJlj iJlkxJl o_^li - 1 

*J U C AjL^J i Lo (J I 4-oJilw^i 4 n.fe".,', a aSjP- \£ j>C* (Uaj ii jJ*tl<Jlj 
4JI ( J**jj '. £-jL«XjI JjjLJ _ 2 .Ajiujsj /_« fir*-** 4-"?"J'-*" * ** 4*J>JL>u 
4S- * ^.. S >J .<LpjL-JL» IS j>- iSy>z2 Lfjlj |*-^->- /s-*-* 1 *J-* *-^-^-» lij. 

jjjU _ 3 . f(force) = m (masse) x a (acceleration) : ^ w>l_,Jl 

e-^j-^J! ^^-^—^wj l_« «L--^j ^j-i A_?-jlj SjiJl : (Atom) Sji 
f-^j^r jl tMt" tJULi .e-La-jSCilj s-LiJ-a)! (_s^J-^ ^ 1 (Molecule) 
c L^Jb ojJJI <uj Ul . H2 <w*I>jj /j^j^ (V t — *J^d Cjt?JJ l ^&\ j~&^£- 
ij^j i^>-j^ aJLj^S" i^>tJ,j aJoS' cjIj (Nucleus) SljJ ^y> *_«Jb3 
N (Electrons) oUj^^SoM <_ r »-~ j L« W-* - ^t^-L hy^ ^- , b' JL * W; 
^Jl SjLiNl jJ^j .<JL* aJLjj^S' oL>^ /^p SjLp 1^53 Ifl jjj 

C-ilJiJjjj ^«-v-_> 4^2_«_j cl^a jAvl j-* U»_a (_jJjLxJ I g 1.. d'i SIjJJI jl 

csljjJJ i^-j_<Jl i-Jl^-SJl 4_L>^iJ| J-*^=j (^JUI j-aj (Protons) 
. (Positrons) oUj^Jjjj (Neutrons) ojUj^jJ <wl*jj 

.c->Lwi>LjJl jvJLp- j«a jl_«ju^a ™d\a ,/»a : (Graph) ^yL-J («— 'J 

(«_<ljjJl j!) JljjJl (_5-«->~-J L«-! <L—»JL1A 4_*^?-jj 5_JLJ| i»jjajjlj 
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: liSC* to 




j\ U_Jix~~o 1 1 n \j~.\ a ll^jcjk *>lSLi ^yjLJl JaiJl <Jj5y N JiSj 

.JpUj oJlc- J-*2j it?- ij^-« Jj t «iliS » 3*>Lp— jl L ysi^> K&S j\ Syb 

JsjJajJl J-4-1j (^JJl »Jl*Jl t _ r ~-3-« ul ^Jl SjLi^l jJb>oj : IJlSL* 
t «_4_*»>l A-tys^Lj <_£jJlj 1 4_JlJu>*xj| a^mJu; g il /i-axIj i_jj_*_»JIj <LjLJI 

.^^JyiJI ^^sL^Jlj iij. Lai I jju t «Cartesian Geometry» & UL^-I 

<S , _ r >JJ jj i JUL* ca5j>J1 cjUs<9 ^ ^j : (Velocity) as>j*» 
: U-A «, jl~L*_« LjJ <lpj*»J1 jl 4iL>-t)LJl jJu><J (jXJ .iu*-* i^j— 
ic-j—Jlj .(aU^Vl ij\) (Vector) f-U-^Jl «^> iJu«Jlj t».u-j jJjJI 
jwUS' a^j^JI Ul tiijJ^J^I oJJl ^ (Speed) LS *-~. o L> ^a .j-US' 

. «Velocity» ^i uUJlj 
5JjJ_s<a_a j I : (Disciplinary Matrix) ^Uii jih[ oli iiwi 
t_ijjj-^> j^ <4jJai« UIjmj oL*»L_Jl JLp oUJiav2j> y> (Matrix) 

: JliJl J^ ^Jjii i*JaUi« ilJip^l ^ (Columns) SJu^lj (Rows) 



= (matrix) asjjLsa* 



3 


1 


9 


8 


X 





X 


6 


y 


7 





X 
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^UiJl jLLNl olS iSLjJl jli 4 SjUi~.Nl <ij~~« ^U U 

^jjt^J A3i\y LgJLs t y-*-<Jl l-lfjj .tUJLJl j^ (Community) Jl>^ 

•(*~^ 
iiLLJl f-ljJ! ^y> ^jJ ^y&j : (Kinetic Energy) a^jj^JI SiUaJI 

AalkJlj 4AjjI^>J! AilkJlj tO>lS3l aSUsJI t LJJ U ^y i LJJ ^1 
^LiJj .La^pj t Ajj jJI aSUsJIj t^^wJ?bJ«^Jl iilkJlj t, A-ob^^SJl 

AilkU ^ E d^- E = f.d : J\si\ dy&\ ik-l^ a^^I SlkJl 
. d AiLwJ f Sji J-AdJ ii_p«xjl f»-~«^>=-U <LSj^J! 

ju>-I a-^>1_?-) f-Lj-will jtJLc ^ <li J ^ijj : (Spectrum) ui-i? 

* 4 f. 

p-j n ..t J_?-l ^Lf ^>wi>-.,tJi ^j-v' JsLa—uLj t s^Lp i Lg !_£■ Lfljsi -j 

ojj_s^ i _ 5 J-p JjliLJl ?cla ...11 j_« r- J r* ,L ^-' t ( _r = ^^"3 (Prism) jy^y> 
(U—Ml ^ (Infra-red) ^l^^- o^J i«J>l ^ U JcuJ apjJjl* jljJl 
(jjJixJl ^ b>j t^jlc-Nl ^* (Ultra-violet) i^w^ij Jjji aUJ.1i jl 

4_«Jl£o jl t ^yjj-stf..'! <-d -JaJl ^_»_~*j s-j-vsJu aJj^UJI Ajt-iVl aJL& 

j_»j .olj_*>U» j I j-*lj-t> l{j">>j : (Phenomenon) Sj_aUp 

f-U^s-Nl (J&J cAsliaJlj SjiJl JjL« t AU—kll jjfcljJkll ^j-b s-L^AJl 
^-Uju^Ij <_jI^SMj OuLJaJl J_L* tA^L^?-^! yfcljJaJl ^j-U 

«_» J— ij N ( y3\ SykUaJl ^j : (Anomaly) *ijJ *-U> SybUs 
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T^waJ SykUaJi eJLft J-t*J . L ^**}\ JjUJu aSLi ( _^i -JLJI dJUi AjjiaJ 

jj L> Li-_Ji jL> iijJL»l_<Jl ^^-f-jJU L*Ll*_« (jL_^Jl lJm> ^ i^jVlj 

.Al^jU^ij (»-»-«JJ -L)_lu>- ftJtpl v«i 3JjJj>- « Jaj 

(*-~»L Ojjo Ll^^l (V fj-* .^L^_lp [ *-$-*-*->-j '■ (Lens) <L-iJLp 

4j»L>*_«J! oL^Jlj«J1 ! jLf-jJ CjI *Ju»Jlj I g '■ * *lj->-l » la a 1 ^-L?-Jji 

V f. wajl V »■ J ,,,3 1 1 

t o^j5 oMLkX^il L^Jj .l^sxisuu _Jl 2j\jj\ *jwaJl --Sou cjL-JloIj 
-Uajj : (Incommensurability) (2L~»LJV) I»jLi<Jl iJli^| /» JU 

o^y-i -ij->-j f-J-*J 'lSj-W f-Uaiij! ^-^r! f-Llg.a.i'yU •(Jj&- S $\ ^jj ,_Jl 
A-£>J ^^L-l «JLks^<Jl IJiA jl ^1 ilas-^Ljl jJ^>Jj !U^lo iJ^^La 

.ojij (_£1 <. ojjjjl ^jt^k) <U?Ljj' 

t L^-jJj-wJl *J_p UL-^-l ^.^-^-jj : (Biology) »L^>sJI *JLp 

*yi ^jj *y L$ ^>\ ii_jjjij (^j-^sji «Lj>ji ykiji? ^j* ^s-y^>yj 

( _ S L U _^S"JJ /*JL*Jl l-i-* Lj-*jJu ; _ s x!l y&ljJaJl -j-oj .j^mJI aJs . ..1 jj 
<. U*A>- •i£-j^»_>t^> '^ t_ijj^jjl ^tc^-^jJIj 1 4JJ0I .' JLLoJ! J-^—" iJ 1 ^ 
^-LvJjl^'^Ij c(aj3j-*J' Ar^' l$'^ (Genes) ol^Jlj ^^^Jl |^v^>Jl 
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Jb-I 



-I Js (Dolly) i^*J! 7-1 — u^>L IJLol ^JLSl (Cloning) 

.L)U2J ji J 4^<>JjO! 

*L_~J1 y>|jji ^jJj J^>^ >*j : (Astronomy) li i UJI (.JL* 

^ ^ ^JUl (a^LJI JJ 137) ^j^Jlk, ^JloJI ^U^JI JUJL Lb 

t (Geocentrism) LfJj*- jj-£ ^-^-iJlj jj^-U IjSj-« (L^ji) ^jNl 
^JU^JI (JUJL Ijj^ (1618) >^ ^LJSfl (JUJL ^1 pJ 

jJL^ rc^x-I Jiij . (Heliocentrism) Lg_ij_>- jjJu ^yJl ^^jk ^j^lj 

-<2sU xJai jjk .^»JLjI J_p- jjJb <Sj5 AS (di-U) jL^> _ 1 




?i_...,^ Q _ i -.^ o - ^ 'L) (w-S"j-xJI J ■/?; (_^JJl (,■» g ... 'I) f-L*_JJI _ 2 
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^ i_AJU-> jji^Jl jL; OjJuij JlUJl *L>_L> jl ^Jl sjLi^l jJ^Jj 
<sS\jS Lol . L^jl* JU-tj (_>j-^ ^.m-o-JLm L_«JLp L>j 4 a wJLS ,^jij_p 
f^ L " r J$\j 4 (Earth) ^j^l : ^j-g-i 4jNl ( _ ? ^- LLliiCJ! tLw<JU- 
tj^s-J;—*-. \\j t (Venus) o^-ajJIj ; (Mercury) *j\ W,,pj 4 (Mars) 
4 (Pluto) yij-Lj 4 (Neptune) jj^-ij 4 (Saturn) J-^-jj 4 (Jupiter) 
-Uj tLfJj L^yb 4 ( _ r ^iJ! J_p- jjJu IglSj 4 (Uranus) ^jjljjij 

^1 (Elements) ^LjJI ^jJbj : (Chemistry) *L*_»£JI .JLp 

j^^bjJl iiiL>iJ ia^UJl ^ji . (Compounds) cjLS^-oj (Mixtures) 
J5 iJbJ.^- L»_~^>- Tt^iii c.^S'j^Jl ^ LM 4^-fc U.S' L^v?ljJ^ ^jIp 

J ^ J .j .*U1 ^ (_$!!! (O) ^^w^jSlI jLpj (H) l y : j>-jjj^}\ jU 
L> 4j^^Ijj 4 AjyAjj\ <- L Q...5J1 oJuj 4 iole- 4jw«?l>J! < -^j-aJl /-£ 

t>ijjl .J-P AIjuS' /fSw^j 4^JjLv*)I JlSLoJLJ .4_jLwo_*Xj! 4JiL)t^JL -o-w^j 

.(,U) :Jldl 
iL-S^jj (^-Ul rt-LxJl j-aj ."(Natural Science) Lff *- ir J» -tJL* 

t-L^jNl pJ L*5 L.LJ L^-Lij y&I^JiJl *k»-}Uj 1_Lo <^JJl ( _ r Jj«Jl 

*_Lc-j 4f-Lw*_;iJl fJ^j 4f-L_^>iJl -_Lp j-^-Ij 4— a-j-JaJl j»jJu«Jl i<iJLi 

U cilii ^ Uj 4^^^! f_»i«Jlj O^L; i^r^^ r*^^ y (^^' 
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(^Jlx^xj "Vita f-L^iJl j^Ip /j^s oJ-sxjI l&^pj t^cjjLJl (»J-pj (j-^Jl 

JU-Iji ^ »^iJ j_«Jl (v-L«Jl j-» : (Normal Science) ^jLc- -JLp 

oj_^J <-jJJ Juu A^^y^\J IZ tjl}\ cJjJLJl *-L*Jl <C\ . (Community) 

U_Lp JJaj jjtj .-LjJb>- j^joil^i SJuJc>- j^SUl ^1 SjJaJ oli <U-*1p 

ilJU- .iSjLW ^J^ oL>l>I jl o!A5Liw<> Jjs- ^ (j-i>4 <J' e^i 

,/yJj-b^- j^Jtjil yj 3 Jij ji Jli^X?- p-'**' *w^* t - a fj^ <UjIp na,..\ 

f-Uip «u Jli Jij .e-j^ali dj£-*3\ *y*l\ >* : (Photon) ^yji 

AjJajJI 4_^>U> I _i t4_a_iL^JI ^j Ji '1 C-iLJiJ Ol>vf jl JL*_> *LiJ_jaJl 
^i jjL ^5" jLj JjjJ OjJfcUi Ala JfcljJaJI fJ^jtj f jZt •]£■ i <Cs^-jj>S\ 

<J_L*^s <^Jua ( _ f Lp j^jS *jwi> JaJLv-J Jmj (Circuit) 5jta ^y diL^ 
f-j^AJl jl iJjJLlL fj-iJl jL^j : IjlSCa .ojIjJLi aJj-^j^j l~i>- ii^j 
.jjjjj L^w« 6^j>-Ij AS tiiUaJl -j.* (<L«jj *_«_>-) ajj ( v° *— sjL^ 

jD L^> OjSc^i tsjljJJ t_iJj^Jl dULJl Ji-ta L^ij>o L^JU ^(sljj 
J^o «JlLv2^> : (Tautology) (J-^>L>- J-sd^ti) JJUb-tJ ^L../ai 

i-j^jJl 4j«Jjl ^ Lf^P j-^-iJ .Av^U-Jl J-w4>o t&Lj«_aj .J^bLo.31 j»JLP 

rtJ jLJ^I jj (_jl .f-LaJL -L^>Jl ju«j s-LJI j-lij .' Jj^JU <jjj«-iJl 
<-JL~£>y UL^-!j t(j^ij>-) ^yb ^ji (_$l .iJ_JUt; (SjLjJI jl iL»->J0 
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.(ilLsJl j»J_p oL>Jl k ya < j-a ^ij_~-£Jl : (Eclipse) i_ij_— S' 
(_$JJl j^iJl wJj-~5j ( _ r ^>JL!l i_jj-~5 L_a jljy^Lls) (_jj^»53l BytUaj 

5JL»- ^ (j^j^fl <_«rL£ j*ji}\ J-k J»jJL~j dLlS Oj^-tj -f-^r^Jl 4jJj 

U5 . uijllj -~. > .JL)I /_) La .-o-djl Ja^uilj LaJC-t <..,,» .".II <_Sj— J 

.^o-aJlj ^^o-JLlI /^j L> (W^j j' Ja^xj^j LjJUp 

g-Lkw^Jl oSf dLlS .ill! JL* j^jj : (Theology) Oj-a^ 

t<ajl L*b_*-a_j «Theos» : L>_a t j_jlJIJj-) jj-jlo-L? ^ ^L^l <_aJj_a 

^j^j Lj>U ^i OjJk^Ulj .(j-laJ_»Jl jl) *-L*Jl L*Lo«-aj «Logos»j 
1 1, $,,:,,, ,'<1jl>-jj 1 1 g : a ; 2 >■ j iLbjj^Li 4_2_L*juJ| 4_JojJl oLJj-Ul 
4_Jj_a')UI oL^ljJul j! ^jJI ojLJiNl jX^Jj .4_;Lj. L>j c L^jLL^jj 

Li (U Jlj>- <Jjj 1/»"}L^^(I J ; LgJLULj ,{jjjkjj>- A^t^^ji oL^lji 

»_Lp /j! ■>. Ill ,^ . j.a , g < «_Lk_va_a : (Variable) j-^juo 

tSilp tj^J .(_$ji-^l fjUl (_y* Ij^ A ~° -Vr*-** - ' -^J •'-^-'Lwv£>Lj j JI 

/jP u_4JL5JU o -JtloJI JfcijiaJI jl oLl^LJl jl -msLjJI ^J| a^lp J-"^ 

ilwwj iS^Lp iiLjo cJl5 1SJ U ii^^Jj i ( _y2_*Jl i ^ , A*^> LgJli^Lc- 

J_La (Correlation) 3 ,. la tl^j 5J*>Lp jl ((Causality) i^-Jj > _.■<) 

il^^o a!*j>oj t (m) AiiiS" jh^ ( _ s lf : - J...la.'J ^jdl (f) SjJLlI Ai*>Lp 
L_» f-jL-wiJlj aj_L!Li f = ma : I XSLa .(a) £-jL~J ob 4_Pj_^j 

4~J>[jj}\ X yS> 'I C->b AjJLujI /wjlji jl ^M 6jLi i/l jJL>Jj .Olttjl JLo 
La 4^U ^jJoj .iJajljJ oli*>Lp oli olj_J«JLa ^a <. Lg-LS" lt_4-!Lo 

.(,*->L> /«-4>>-) /"-jIj-j! jl (ilb ^<-«^>-) JljJuL ojLw^>LjJI f-LJlp 4...^.^u 
y = ax + b y = ax 2 + (*jL jl iJb) 3jj_^ ^U j_^J U oiUj 

bx + c y = ax 3 +... 
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{j* (Response) 4_>L>*juJ jJ^j U J5 ^juj '. (Stimulus) jJj> 
*~ww*-j <uU n.a./gll ^ <uwl t^JLW *_«_~i liLi .^yJl <>SLSLSl J4-? 

^ g ■ rfl j ( _j-Lt-J C ; _ r uUl jv-U- ^ .^yLJl tw-AJ^Jl f-Ljl Jj-Aj i«Lfr 

iUj^p c^^l tlr 5 ^-^ ^-rH ^1 '(Watson) jj_«J?1j ^yiL^Vl 

oLi^^^aJ' L^-LLdj <-9-jJ J-S' ,j-^ ol^JLoJL _/=-y tlJuJL><J jL^J^Hj 

o* '"J^ f&M Cryi o-^ 1 r^ J 1 -^ <_r^ '£>* J^ <>* ^j-^ 

^1 *ili ailiipl ^ j^j-siju AJLj Aij .Jil Vj ^1 M iijJL- JL* 

4JI LjLc- tojjLiJ La ., g ■ ■' *_w*Li (t-^JLiJsl ^jJslp! iJj_iJl Jj>- 

<JLp L»j t LJL* ^j^ oJJj rr^aj (jL Jl^-I 1 *£j liLi . i jjJLLa^oJl <_$jj Jul 

.<uLi Uj t4jL^j^Jl olj-v^>lj 4JL~*yJl 03/ il 

f-ji ob>Jt la ./? < j-a iJukj : (Parallelism) (^jljj jl) »lj'>* 

(Similarity) ■u^J^Jl ^^-x-o-; /»Ojk^~jj .oLwvaLjJl jJLp ^ <-^Jl^JI 

(JjUaJl <A>- jLjjLi^o "}L^?I U-A i VjJ|_^UjI ( j .><>^ilM«.<JI ^Ja^Jl j 2 

s-LiLJl «_« t L> g .<i»j<-i ^yo LI .31 lil j-g-^J 4-iJi>Jl s-Laj .AjLllao )| j\ 

\\SsAj L»_JiXwj Lki>- jlj^Jajj j La, Ja'o Lo^Jli tb^jjljj ^yj- 

4jLJujJ1 ^vo J-j-aJI <dJLJi ^ : (Epistemology) Siyn^Jl ijjJaJ 

. Lji>w^>j La^jJl?-j L^ijtjjaj t, LAjiL^Kj Aiyt^Jl <«-J« i/'j-^ c5-^^ 

Aijjt^Jl ,_$1 c^j^juJ} (episteme) -iJ\Jj^\ ^y J^-« «Ikva-Jlj 
iJLa J->-i -lSj • J W.,_^J1 jl ^.^.^iLdl (logos) ^jJ-jJj t (t-LxJ! ji 
fkjjjjji ^w<>jL>- (_5-UJJj5LJl ^j^JlojJI Jl> ( _ ? U' ijJL>ti^il ^JJa-^<JI 

.(1864 _ 1804) 4-jjj 
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r-bjl <LL>^- «*« < _ f i>Lcj L^-^Jj^-i^jy 1 jl U^ : twuJiSCillj (jjJwaJlj 

. ASjJcJU j»>l_^jlj oUlpi^/l JL>- *— d_/II f-*J tAij^JI 

j-^ailt 4— j-U ^ji iliipVl ^Lx : (Relativity) 4... r ^:,H ijjJaiJI 

. jllUa^ jl£Ulj jUjJl 61 ol^^> Ijl*j .4iik* *5y>Jl j! jJjJj-JI 

/W^J KiSj^wJl fL«J>-}U AJL)j^5sJ1 <LS^>J|» pj-rf9j^J ( _«sil>^aJ\ <&>u 
4Ji>- , >'uJl j-X><J . <(<L/>l>Jl i^^jJl 4j_ / laJl)) (♦—»!-; Oij^ o-tj-L>- Aj^iij 
JLxjl oL>tjl *lJ| C— Utfj L« ^JLf- <Cj Jaj e-Lo ,j JL*XC-I /jLlIJjI jl 

Uasj jLSo t aju _l>tJiI 4j JiJl j^jj>- U>l .jijjjj lLLjJlL* (JL; uiJl 

jjjli /»-wuL; *-4j* (^JJl Al* *->-UJi jjjUjIj AJji.ia.oJl 4i"yJl IjLyJ 

•yf- * M£Jl t lij .wj /-« JjlJ a-^-jL?- eji <ui ^jJ\j J L« i»JaiLo 
^5^ jl jjt jA^jJi -UP- JjJlJIj .<J ^ylju) N <(iiJJa^ ii'jj^)) 
,,-^.^^JI AP- j*» jl A.S AjJjJ^>cj a j j ■ <a <j .c_JI -oJJ 4...C-S.J ^6 aL^p- 21 

/jSLoj *-J? yA jjSJI ^i J^-*J ^AJ .iw^jl -»JJ jlJL^J LoJo <L*L>*jIj 

jLxpI <>»j>U 4,o,^ oil Aj^liJl «jLxJ1 ^»j .ilUa* aS'^^J L«>-y> sjLxpI 

iiJ^uJl j^^Jl ikS tUl£Jl jl Jji jl jl 4iUaJJ i}il>u> ihS3l 
AjjLla -t^v>Jl "iS'j** OJlS" li| t ( ->$C«JL( -sSoJlj tiiUa Jl i}y>*£j 

Jjj .U /J^a 80,000 J U /^ 300,000 iiJ ^Jl ^^_^JI i^^J 
<Lp^« kj^> x ii^Jl = isliaJl : ^jlbJl jjJU^L; diii /^ ^lii^J ^Ip 
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•uliLi^l ( _ s JLp <JU Jlij .Jl*j la ^ «A^UJ| A^^jJl Aj^JiJl» ^jU-I^jI 
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Cibr\l*i<moii uIuji 



Ether 



j^ 1 



Perception LS ^>- iilj.il 

Electric Displacement ^^r$^ **-' j! 

Polarization i_jlkiu*l 

X-Rays Lu^. <*Jil 

Cathode Rays V*^ **-^ 

Thesis is^jjsl 

Electron djj£S\ 

Reflection of Light s-j^all ^.l^nil 

Refraction jl~5u( 
Combining Weights ^W*^ ^^' olJ_?t 

Optics c^Lj-a. 

Elective Affinity <_^^l *-*& 

Gravitational Attraction JUi i_ols£ 
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Verification of Theory 


4j Jil 4>i~0 /-o (JJi^- 


Analytic-Synthetic 


u^y J^ 


Overlap 


JUAS 


Composition 


Iw»JjJ 


Acceleration 


£jl~J 


Concept 


j^aJ 


Calendar 


(^Ujjj) j~*j pjjZ 


Falsification of Theory 


Aj_ r LalJI iwO-LSj 


Electrostatic Repulsion 


j^SL.^ j\x 


Molecule 


*<jy>- 


Corpuscle 


p^~*r 


Gestalt 


(U5 ;>:) oJlkJL^ 


Circular Argument 


ifrysil iiU-l i>=>- 


Intuition 


U*"^ 


Specific Heat 


4*S- oj «JI P" - 


Oscillatory Motion 


4jjljl*l 4S"j>- 


Transverse Wave Motion 


4~J>jfr <U>- JA *S j>- 


Scientific Field 


1 jAj> Ji>- 


Circularity 


(J_*s>L>- L^sii) ic-jA* iiU- 


Acidity 


kjfjf' 


Idiosyncrasy 


t 5_ r ^Ji AinJi CjLvSJ^a?- 


Mixture 


iaJU- 
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Subatomic 

Dynamics 

Atom 

Graph 

Aberration 

Velocity 

Inclined Plane 

Calorie 

Occult Quality 

Mystic 

Kinetic Energy 

Wave Length 

Spectrum 

Phenomenon 

Photo-Electric Effect 

Lens 

Meteorology 

Taxonomy 

Aesthetics 

Biology 

Astronomy 

Chemistry 






4P 



X" 






iijjLi iL^j^ 



l,. ft.,, ./g.. 



dlUJ 
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Natural Science 


C5*^ ^ 


Normal Science 


(AZ>\5 A&\j£ ji) i^i\s- As- 


Photon 


Oyji 


Electrical Conductivity 


l J\j j 4&\ Jr^J^' V^ 


Law of Fixed Proportions 


ijlill i_~jJl jjjli 


Tautology 


(Lota 4JbU?) iJJctf- \A& 


Force 


Iji 


Mass 


&S 


Quantum 


^ 


Theology 


£jy*)} 


Variable 


rJ&* 


Stimulus 


d_J*4 t rcr* 


Galaxy 


>"j* 


Ad Hoc 


iJLs^ ^iJ^J fja-/*.^- 


Orbit 


dUi /jlJU 


Telescope 


wU^y> 


Compound 


t— S^j^> 


Conception 


f>f^ 


Absolute Space 


jjlka jl&> 


Parallelism 


aljij^o 


Matrix Mechanics 


C->li^.a.^.U lS\Jl£La 


Theory 


kj" 
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Chemical Affinity Theory 

Caloric Theory of Heat 

I ipistemology 

Theory of Relativity 

Theory of Energy Conservation 

Geocentrism 

Heliocentrism 

Nuclear Theory 

Pendulum 

Vibrating String 

Atomic Weight 
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£Hj*JI 



.(5^1-IaJI JU-><l» 4^>-jJ • Lf »jL(Jl <±i.->t.Jl JjVl' a .JjlS" tj-JjJ 

(iwJUJl AijJtaJl Jj-/j|) .2006 tio^-^lU iojjJl ^JalaJl ! ^Jj*J 

.r 4 .1964 clJjUJI jb :5yoUJl .^Jl^'Nl jlji j^4j 
.2000 tioyJl isi^Jl jb : [c^j^] 

'■ <M J*t^ JJbw J> 6JJ1J ^>j*}\ ji9ji\ 1 JXj\ «^S*JI 

.1992 cj^Ji :^j^i .^^1 
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